


oe 





86th Congress 


2d Session JOINT COMMITTEE PRINT 


SELECTED MATERIALS ON RADIATION 
PROTECTION CRITERIA AND 
STANDARDS: 

THEIR BASIS AND USE 


JOINT COMMITTEE ON ATOMIC ENERGY 
CONGRESS OF THE UNITED STATES 


W 


MAY 1960 


Printed for the use of the Joint Committee on Atomic Energy 


UNITED STATES 
GOVERNMENT PRINTING OFFICE 
WASHINGTON : 1960 











JOINT COMMITTEE ON ATOMIC ENERGY 


CLINTON P,. ANDERSON, New Mexico, Chairman 
CARL T. DURHAM, North Carolina, Vice Chairman 


RICHARD B, RUSSELL, Georgia CHET HOLIFIELD, California 

JOHN O. PASTORE, Rhode Island MELVIN PRICE, Illinois 

ALBERT GORE, Tennessee WAYNE N, ASPINALL, Colorado 
HENRY M. JACKSON, Washington ALBERT THOMAS, Texas 

BOURKE B. HICKENLOOPER, Iowa JAMES E. VAN ZANDT, Pennsylvania 
HENRY DWORSHAK, Idaho CRAIG HOSMER, California 
GEORGE D., AIKEN, Vermont WILLIAM H. BATES, Massachusetts 
WALLACE F, BENNETT, Utah JACK WESTLAND, Washington 


JamMEs T. RAMEY, Executive Director 





SpeciaL SuBCOMMITTEE ON RaDIATION 
CHET HOLIFIELD, California, Chairman 


MELVIN PRICE. Illinois JOHN O. PASTORE, Rhode Island 
JAMES E. VAN ZANDT, Pennsylvania HENRY M. JACKSON, Washington 
CRAIG HOSMER, California BOURKE B. HICKENLOOPER, Iowa 
GEORGE D. AIKEN, Vermont 
Ex Orricio 
OLINTON P, ANDERSON, New Mexico , CARL T. DURHAM, North Carolina 


CAREY BREWER, Professional Staff Member 
Hat HOLuistEeR, Technical Consultant 
James E. TURNER, Technical Consultant 





FOREWORD 





CoNGRESS OF THE UNITED StTaTEs, 
Joint CoMMITTEE ON Atomic ENERGY, 
Hon. Curnton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy. 


Dear Senator ANDERSON: The material contained in this volume 
has been assembled by the Special Radiation Subcommittee of the 
Joint Committee on Atomic Energy in preparation for public hearings 
on the subject of “Radiation Protection Criteria and Standards: 
Their Basis and Use.”” The hearings will be held during the period 
May 24 through June 3, 1960. 

In accordance with past practice, the scope of the hearings and 
selection of witnesses have been developed with the assistance of a 
steering committee representing all aspects of this complicated 
subject. A list of the steering committee members is attached to 
this letter. An outline of the subject matter of the hearing and 
general approach of the subcommittee is set forth in the introduction. 

This volume, which will be distributed in advance of the hearings 
to individuals and organizations scheduled to present oral testimony, 
and will be available to the general public, is intended to serve 
as a reference document and a starting point for the discussion of 
basic issues at the hearing sessions. 

Most of the individual witnesses invited to testify in person have 
submitted material for inclusion in this preprint. ‘These statements 
appear in chapter 1, which also includes statements solicited from 
individuals who are not scheduled to present oral testimony. 

The Atomic Energy Commission, the Department of Health, 
Education, and Welfare, and the Department of Defense have 
submitted detailed statements of their activities relating to radiation 
standards. These statements comprise chapters 4, 5, and 6, respec- 
tively. Special statements were prepared by the U.S. Naval Radio- 
logical Defense Laboratory and the Air Force Special Weapons 
Center and appear as chapters 2 and 3, respectively. 

Other Federal agencies concerned with radiation standards have 
provided the material contained in chapter 7. 

Comments received from the Atomic Energy Commission and the 
Department of Health, Education, and Welfare on related hearings 
conducted by the Joint Committee on Atomic Energy in 1959 con- 
stitute chapter 8 of this volume. 

Various recent reports and papers of particular relevance to the 
forthcoming hearings have been set forth in chapter 9 as a convenient 
reference for use by the Joint Committee and by witnesses presentin 
oral testimony at the hearings. A list of selected references prepare 
by the Atomic Energy Commission is included as chapter 10. 

Additional statements not received in time for inclusion in this 
volume will be inserted in the printed record of the hearings. 











IV FOREWORD 


It is hoped that the printing and distribution of the materials 
contained in this volume prior to the hearings will serve to increase 
the usefulness of the hearings and to underscore the importance of 
understanding the basic issues in the subject field of radiation pro- 
tection criteria and standards. 

Sincerely yours, 
Cuet Ho.irrecp, 
Chairman, Special Subcommittee on Radiation. 
Attachment: List of steering committee. 
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INTRODUCTION 


BacKGROUND 


The Joint Committee on Atomic Energy is planning to hold hear- 
ings, tentatively starting May 24, on “Radiation Protection Criteria 
and ‘Standards: Their Basis and Use.” 

The main focus of the hearings is to clarify some of the confusion 
and misunderstanding by the public and the scientific community 
concerning the basis and use of radiation standards. The current 
organizational status and efforts of the Federal and State Govern- 
ments to develop and implement radiation standards will also be 
emphasized. 

The general approach to the subject will be by way of trying to 
answer two se questions: 

(1) What is the practical situation from a radiation protection 
point of view resulting from existing and probable future sources 
of manmade radiation exposure (in peacetime)? 

(2) What is the place for radiation protection criteria and 
standards in this situation? 

Emphasis will be put on concepts and basic understanding rather 
than on scientific detail. 


REFERENCE MATERIAL 


The immediate background for these hearings lies principally in 
five earlier hearings on related topics held by the Joint Committee 
on Atomic Energy. References for these, with pages containing the 
most directly pertinent material, are as follows: 

“The Nature of Radioactive Fallout and Its Effects on Man,” 
volumes (see especially pp. 778-890) plus summary-analysis, 1957. 
“Fallout From Nuclear Weapons Tests,” 4 volumes (see “especially 

pp. 10 ff., 1554, 1575-1784, 1819 ff., 1940 ff., 2114-2187, 2264-2280, 

2542- 2577), plus summary-analysis, 1959. 

“Industrial Radioactive Waste Disposal,” 5 volumes (see especially 
pp. 215-281, 371-393, 434-454, 1010-1044, 1278-1297, 2356-2394, 
2406-2409, 2881 2979, 3035- -3042), plus summary-analysis, 1959. 

“Federal-State Relationships in the Atomic Energy Field,” (see 
especially pp. 1-25, 38-41, 102-113, 412-425, 434443), plus 
advance committee print (see especially pp. 39-73, 241-279, 306, 
362-405), 1959. 

“Employee Radiation Hazards and Workmens’ Compensation,” (see 
especially pp. 5-145, 688-760), plus advance committee print (see 
especially pp. 2-26, 74-80, 109-112, 114-117, 238-253), plus 

summary-analysis, 1959. 
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INTRODUCTION 
OvuTLINE OF HEARINGS 


I, INTRODUCTORY INFORMATION 


(1) What is meant by “criteria” or “standards” for protection 
against a hazard? To what extent can hazards be dealt with this 
way? What problems are “criteria” or “standards” designed to meet? 

Illustrate for hazards other than radiation exposure. 

(2) What are the basic problems of radiation protection? What are 
their unique characteristics? To what extent can these problems be 
viewed analogously to those in other fields of hazard protection? 

(3) What is the need for criteria or standards forradiation protection? 
What is the purpose of radiation protection criteria or standards? 

(4) What constitutes adequate criteria or standards for radiation 
protection? That is, what requirements are to be met? Which of 
these are most important? 

(5) From a radiation protection standpoint, what are the distin- 
guishing characteristics of the various major sources of radiation 
exposure to be considered in these hearings? 

Nors.—In these hearings, wartime exposures will not be dealt 
dealt with. Civilian and military sources of exposure in peace- 
time will be, and these will include medical e ure, planned 
exposures to meet emergency situations, normal peaceful uses, 
and special military uses such as weapons testing, space vehicle 
testing, nuclear propulsion, etc. Environmental contamination, 
with resulting exposure to populations, will be emphasized.’ 

(6) What types of radiation protection criteria or standards have so 
far been developed? 

(a) Classified as to whether recommendatory or binding. 

(6) Direct and indirect limits on exposure dose. 

(c) Limits for individuals and for populations. 

(d) Controls on the source of exposure and controls for the 
alleviation of an already existing hazard, etc. 

(7) How are radiation protection criteria or standards commonly 
expressed? 

(a) General statements or guides. 

(6) Specific tables of numbers. 

(c) Tables of dose-effect relationships. 

(8) What is the essential philosophy behind radiation protection 
criteria or standards? 

(a) “Philosophy of risk.” 

(b) Graded risk or allocated risk? Multiple limits? 

(9) What kinds of information and assumptions go into radiation 
protection criteria or standards? 

(10) Why do the present criteria and standards cause public 
confusion? 

Illustrate: fallout in milk, wheat, food; overexposure in occu- 
pational circumstances. 

To what extent should the necessarily technical subject matter 
behind radiation protection criteria or standards and their 
application be explained to the public? 


1 See attachment 1 for tabulation. 
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INTRODUCTION xI 


Il. WHAT GROUPS ARE INTERESTED IN RADIATION PROTECTION CRITERIA 
OR STANDARDS-AND WHO DEVELOPS THEM? 


(1) The Federal Government. re, 
(a) The President, assisted by the Federal Radiation Council. 
(b) ahaa eae and agencies: 


HEW (including PHS, FDA). 
DOD. 


Agriculture. 
16c 


Maritime Commission. 
FAA. 
NAS. 
Bureau of Mines. 
Commerce. 
Labor. 
Coast Guard. 
(2) The States, including groups interested in uniformity among 
the States. 
(3) The NCRP and ICRP. 
(4) Other private standards-setting groups such as ASA. 


III. WHAT ARE THE BASIC CONCEPTS UNDERLYING RADIATION PROTEC- 
TION CRITERIA AND STANDARDS? 


(A) Concepts primarily biological 

(1) From a biological point of view, to what extent can experience 
and practice in developing standards or criteria for hazards other than 
radiation be applied to radiation hazards? 

(2) Is there a basis for comparing the biological damage of radia- 
tion with that of other insults? 

(3) What underlying concepts have been used in adapting biological 
information to the development of radiation protection criteria and 
standards? 

(a) How adequate is the existing information, and how big 
and how important are the uncertainties? 

(6) What are the major areas where knowledge is lacking, and 
what are the prospects for doing something about them? 

(4) What “safety factors” are built into the present radiation pvo- 
tection standards and criteria? How “conservative” are the stand- 
— To what extent are present standards based on acute radiation 
effects? 

(5) Describe the present position of the standards with respect to 
such concepts as “‘threshold,” “linearity,” and ‘‘safe.”’ 

(6) What is implied by the successive lowering of the standards 
over the years? 


(B) Concepts primarily social and economic, and concepts of policy 

(1) For hazards other than that of radiation, how—given assumed 
concepts of benefits, risks, and costs—are protection criteria and 
standards developed? 

(2) From a policy and economics point of view, to what extent 
can experience and practice in developing criteria or standards for 
hazards other than radiation be applied to radiation hazards? 











XII INTRODUCTION 


(3) What is meant by “philosophy of risk”? Does it apply to 
both individual and population standards? 

(4) Discuss the applicability of the ‘“graded-risk’’ or ‘‘graded level 
of action” concept. Illustrate. 

(5) Discuss the “philosophy of allocation’’ of exposure. 

(6) What are the implications of a hazards situation in which the 
group taking the risk is different from the group obtaining the direct 
benefits associated with the risk? 

(7) What constitutes an adequate reason for accepting a given 
degree of exposure or exposure risk? 

(a) What are the practical limits to which radiation protection 
can be carried? 

(6) How do the costs of radiation protection relate to the 
degree of protection? 

(c) Do indirect economic or social ‘costs’ exist which also 
increase with increasing protection? Illustrate: e.g. impairment 
of feasibility of power reactor project. 

(d) Is there any precedent for insisting upon “absolute safety,” 
assuming it to be available? 

(8) What is the nature of the decision process whose result is ex- 
pressed as radiation protection “criteria” or “standards”? 

(a) To what extent is it reasonable to make a direct balance 
of the cost of radiation protection against the cost of the protec- 
tion not provided for? Illustrate. 

(b) To what extent is it necessary or appropriate to make over- 
all economic balances of benefits and costs—for a given activity— 
including costs of radiation protection and protection not pro- 
vided for? 

(9) To what extent can judgment be supplanted or augmented 
by resort to formal economic decision models in the field of radiation 
protection? Illustrate. 

How can the uncertainties of biological damage be reduced to 
practical economic certainty for decision-making purposes? Are 
there alternatives? 

(C) Concepts of practical application 

(1) To what extent can radiation protection problems, occupational 
or environmental, be solved in practice without the use of any radia- 
tion protection criteria or standards? Illustrate. 

(2) To what extent is flexibility (‘guides” or “‘criteria’’) desirable as 
opposed to rigidity (“‘standards’’)? 

(3) Considering the variety of exposure sources, and conditions, 
how many—or how fe# ~basically different sets of criteria or stand- 
ards are appropriate? Illustrate. 

(4) How important is uniformity? Define this and illustrate. 

(5) Discuss how radiation protection standards or criteria relate 
to— 


(a) control of radiation or contamination at the source, Le., 
before exposure occurs. 

(b) control of individuals subject to exposure. 

(c) types of measurements that can be made under routine 
operating circumstances. 

(d) the extent of personnel or environmental monitoring. 
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INTRODUCTION xi 

(6) To what extent should the degree and method of measurement be 
incorporated into radiation protection criteria or standards? 

(7) What actions were contemplated in the development of existing 
radiation protection standards? 

(a) Actions associated with controlling the release of radiation 
or radioactive materials, e.g. weapons testing, reactor design. 

(6) Actions associated with alleviating an already existing con- 
dition of exposure or contamination, e.g. withdrawing food, and 
decontaminating. 

Nors.—To aid in the discussion of the above questions by illustra- 
tion, further questions follow going into more detail on applications. 

(8) What are the essential similarities and differences in the current 
recommendations of the ICRP and NCRP? To what extent do these 
recommendations take into account statements of such groups as the 
NAS, NCRP, and British MRC? 

(9) What is the significance of tying criteria or standards to natural 
background radiation levels? 

(10) Discuss and illustrate the allocations of exposure dose recom- 
mended by NCRP and ICRP, bringing out the difference between (a) 
individuals, (6) special groups, and (ce) general populations. 

(11) Are there in existence any recommendations applicable to 
fallout? On site? Off site? Worldwide? 

(12) As in (11), for other planned releases of radioactive materials 
to the environment from military uses of atomic energy such as space 
vehicle testing, propulsion, etc. 

To what extent are peacetime military uses of atomic energy 
treated in a manner similar to normal industrial peacetime uses? 
Illustrate. 

(13) Does the Defense Department use special criteria or standards 
to meet the special circumstances of military uses in peacetime? What 
is the character of these and how do they compare with ICRP, NCRP 
recommendations? 

(14) Do any criteria or standards ex'st now that can be applied t 
environmental contamination levels that change in time? Illustrate. 

(15) Is it possible under existing criteria and standards to know 
always whether or not a given limit has or has not been exceeded? 

(16) Does use of the derived standards (MPC) always guarantee 
that the basic standards (dose) will not be exceeded? 

(a) Does use of the MPC often result in doses far below the 
limits? 

(6) What is normal industrial practice with respect to added 
safety margins applied to the NCRP recommended limits? 

(17) What is implied by the occurrence of a measured level of 
contamination or exposure that exceeds a limit or a derived limit? 
Illustrate: fallout, occupation, ete. 

(18) To what extent do NCRP and ICRP recommendations apply 
to food? Is the application for individual foodstuffs and Srinking 
water or for the total diet? 

(19) Over what time periods, and under what circumstances, can 
the recommended levels of contamination in the diet be exceeded 
without violating the basic standards? 

(20) For meaningful application of the basic (dose) standards to 
environmental contamination, to what extent is prediction of future 
levels necessary? 











XIV INTRODUCTION 


hee my what does the “1/10”? (NCRP-ICRP) apply? ‘1/30’’? 
‘cc 1 ”) 
(a) Does it matter how those receiving the 1/10 exposure are 
distributed among the population? 
(6) How do these exposures compare with natural background? 
(22) Which recommendations are maximum for individuals, and 
which are average for a group? 
What is meant by a “special group’? 
What size of group is contemplated? 
Illustrate: Do the 1/10 limits apply to worldwide fallout? 
(23) Are the “1/10” and “1/30” limits applicable jointly? Is the 
result more restrictive? 
Illustrate: Specific situation for occupational and population 
exposure: 
Animas River. 
Uranium mines. 
Fallout including “hot spots.”’ 
Waste disposal. 


IV. ORGANIZATIONAL, ADMINISTRATIVE, AND LEGISLATIVE 
RELATIONSHIPS 


(1) Summing up the preceding subject matter, what appear to be 
the important needs in this field? 

(2) What are the major sources or potential sources of exposure for 
which standards are appropriate but do not exist or are inadequate? 

Who should ascertain these needs? 

(3) Who should develop needed policy, criteria, or standards? 
(a) Recommendations. 
(b) Regulations or administrative application. 

(4) Who decides whether a new source of contamination should be 
added to the environment? 

(5) What role should scientists play in developing recommendations? 
Develop data? Help to frame questions? 

(6) How well is the Nation’s work in biomedical research being 
reviewed and analyzed as a part of the development of radiation pro- 
tection criteria and standards? Are more formal efforts needed? 

(7) To what extent should radiation protection be a matter for the 
Federal Government? 

(8) How should the Federal Government handle its interests in 
radiation protection? 

(a) Role of the President and the Federal Radiation Council? 

(6) Role of the various departments and agencies? 

(c) How should responsibility in the executive branch of the 
Federal Government be allocated? 

(d) Role of Congress? 

(9) What should the role be of the various official and quasi-official 
groups such as NAS and NCRP? 
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[Attachment 1] 


Uses or Atomic ENgpRGy 
Medical. 
Peaceful: 
Power reactors: Designing, siting, operation. 
Isotopes. 
Mining and milling. 
Waste disposal. 
Research. 
Transportation of radioactive materials. 
Commercial ship propulsion. 
Food irradiation. 
Military: Uses for which normal industrial (peacetime) practices apply (for ex- 
ample, Fort Belvoir power reactor): 
eapons testing. 
Ship propulsion. 
Aircraft propulsion. 
Rocket propulsion. 
Space vehicle power sources. 
ransportation of radioactive materials and devices. 


[Attachment 2] 
SUPPLEMENTARY QUESTIONS ON StRontTIUM 90 


(1) Discuss the radium 226 standard for bone-seekers. What is assumed about 
RBE, nonuniform distribution, retention, etc.? 

(2) To what extent is the radium 226 standard (0.1 microgram) compatible 
with present recommendations of MPD? Does the radium 226 standard repre- 
—_- departure in concept from a concept of increasing hazard with increasing 

ose 

(3) To what extent is the strontium 90 body burden (1.0 microcurie) compatible 
with present recommendations of MPD? 

(4) What are the arguments for switching strontium 90 over to an MPD-based 
standard? What are the principle unknowns (or uncertainties in the present 
radium 226 comparison method?) 

(5) Why was the strontium 90 body burden doubled? Was the corresponding 
dose doubled? How is this reconciled with the radium 226 standard? 

(6) Is strontium 90 level for food as worked out from NCRP Handbook 69 
independent of the water content? Of the calcium content? 

(7) How does the philosophy of limiting intake limit strontium 90 in bone for a 
low calcium diet? 

(8) How is the MPL applied to drinking water of known strontium 90 content 
but unknown content of other activities? 

(9) If child or adult drinks milk having 25 percent MPC of strontium 90, will 
bone be 25 percent of MPBB? 

(10) Can all of the MPL’s for bone-seekers be wrong? 
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GLOSSARY 





Alpha particle (@ particle) _._._.-- Helium nucleus; i.e., a close combination of 
two neutrons and two protons, and there- 
fore positively charged. Alpha particles 
are emitted from the nuclei of certain 
radioactive elements. 

Beta particle (8 partiele) __.-..--- Swiftly moving electrons or positrons, and 
therefore negatively or positively charged 
respectively, when emitted by radioactive 
substances. 

Gamma rays (y rays) --.--------- Electromagnetic waves of very short wave- 
lengths, shorter than those of X-rays. 
Produced during the disintegration of 
radioactive elements. 

Wseeuere 8 SO 7Ot [Dorr ues Atoms of the same element, i.e., having the 
same atomic number, but of differing 
atomic weight are called isotopes of that 
element. he isotopes of an element are 
identical in chemical properties, and in all 
physical properties except those deter- 
mined by the mass of the atom. The 
different isotopes of an element contain 
different numbers of neutrons in their 
nuclei. Nearly all elements found in 
nature are mixtures of several isotopes. 

Nuei@er\cduws~.- idea An atom of a particular species; that is, 
characterized by an atomic number and an 
atomic weight. 

Nore.—.U8 is a nuclide. Uranium as it occurs naturally consists pri- 
marily of two nuclides, U2 and ».U2*, which together bear the relationship 
of isotopes. 

Curae (60. nticess Se dd oe Measure of the activity (rate of disintegra- 
tion or decay) of a radioactive substance. 
More specifically, that quantity of a radio- 
active nuclide decaying at a rate of 3.7 
10!° atoms per second or 2.210" atoms 
per minute. 


Millicurie (me.)_......-..--- One-thousandth of a curie. 
Microcurie (ue.)__._._......... One-millionth of a curie. 
Micromicrocurie (pyc.) - - ----- One-millionth of a microcurie, or one- 
million millionth of a curie. 
Megacurie (Mc.)__.._....... One million curies. 
VIREO. 3. <0 co noe The time taken for the activity—or for the 


total number of atoms—of a radioactive 
nuclide to decay or disintegrate to one-half 
of the initial value. 

Biological half-life___........-_-- By analogy, the time taken for the total 
number of atoms of a nuclide to be reduced 
to one-half of the initial value by biological 
removal processes (of the body). Radio- 

. active decay is not involved. 

Effective half-life..............-- By analogy and combination, the time taken 
for the total number of atoms of a radio- 
active nuclide to be reduced to one-half 
of the initial value by combined radio- 
active decay and _ biological removal 
processes from the body. 


XVII 
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XVIII GLOSSARY 


Average life or mean life__.....-_-- A particular atom can decay now, later, or 
never. The average or mean life ex- 
pectancy of a number of the same radio- 
nuclides is a definite quantity, however, 
and is equal to 1.4 times the half-life. 

OI a ec incs ch eases in The unit of absorbed dose (of radiation) in 
matter, equal to 100 ergs per gram. 
measure of the energy imparted to matter 
by the ionizing radiation per unit mass of 
the irradiated material. 


lamer de gage ea See ae ee An older unit, now replaced by the rad. 
Equal to 93 ergs per gram. 
he he See rene teed That quantity of any type of ionizing 


radiation which, when absorbed in the 
human body, produces an effect equivalent 
to the absorption of 1 roentgen of X- or 
gamma radiation at a given energy. 

Soper Gee te? ee as That quantity of X- or gamma radiation 
required to produce in dry air (1 c.c.) ions 
carrying 1 electrostatic unit of positive 
or negative charge. 


Note.—The absorbed dose (in tissue) expressed in rad, multiplied by 
the RBE (q.v.) for the type of radiation concerned, gives the biologically 
effective dose in rem. 


Relative biological effectiveness Defined in the note above. For X- and 
(RBE). gamma radiation, the RBE is 1. For 
alpha particles and neutrons, the RBE is 
greater than 1. 
Strontium unit (SU) _-.---------- One micromicrocurie of Sr® per gram of 
calcium, usually in bone but now ex- 
tended to items of food and milk. 


| 
| 
| 
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SELECTED MATERIALS ON RADIATION PROTEC- 
TION CRITERIA AND STANDARDS: THEIR BASIS 
AND USE 


CHAPTER 1. STATEMENTS BY PRIVATE GROUPS AND 
INDIVIDUALS ' 


RADIATION PROTECTION CRITERIA AND STANDARDS: 
THEIR BASIS AND USE 


(H. M. Parker, Manager, Hanford Laboratories, Hanford Atomic 
Products Operation, General Electric Co., Richland, Wash.) 


INTRODUCTION 


As a preface to a discussion of radiation protection standards, a 
review of the purpose and nature of standards in general seems in 
order to explain better some of the concepts affecting present radia- 
tion standards. Standards are developed to provide a model for 
judgment as to whether a given action should be taken. They are 
frequently the result of past experience utilized to facilitate future 
experience. They may be the communications of the enlightened to 
guide the less experienced. Finally, they are the oe means 
by which there may be orderly development of a whole made up of 
many parts. 

Of the many ways in which standards can originate, two are espe- 
cially important in the radiation protection field. The first concerns 
moral and ethical standards which have been manifested since the 
recording of civilization. For example, the Hippocratic oath defines 
a recognized standard of conduct expected of a physician. Concern 
for the well-being of future generations with respect to the genetic 
effects of ionizing radiation leads to standards of this kind. 

The second type of standards stems from the need to facilitate 
action to allow each individual in society to proceed in a certain direc- 
tion, knowing that certain obstacles are removed. Men drive ve- 
hicles on the righthand side of the road in a given community because 
confusion is avoided and safety enhanced if everyone does so in that 
community. Similarly, radiation protection standards may be 
gees by which an individual may proceed with reasonable safety for 

imself and with the assurance of not causing unreasonable interfer- 
ence with other segments of his environment. 

The enforcement of standards is important in considering their use- 
fulness. Ideally, they will be accepted voluntarily through confidence 
in the source of the standard—the authority of knowledge—or through 
a clear understanding of the benefits to be derived. Thus, the volun- 
tary restriction of freedom to drive only on the righthand side of the 
road is observed less because of the policeman than because this action 


' See also statement of Prof. Barry Commoner attached as a supplement, p. 1239. 
1 
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demonstrably affects one’s own safety and ability to travel with the 
least confusion. 

Where effects are not so obvious, where effects on the entire pattern 
rather than on a part are important, or where an individual or grou 
may conclude that the burden of restriction is not equitably shared, 
enforcement by edict may be necessary. In the particular case of 
radiation protection, where the possible deleterious effects may be 
both latent and subtle, this type of enforcement may have an impor- 
tant role. 

A final comment on standards in general concerns their dynamic 
nature. One cannot expect that standards established now will be 
immutable for all time hence. Just as knowledge increases, so can 
the quality and applicability of standards change. Unless standards 
are dynamic, they can become unnecessarily restrictive or completely 
misleading. 


THE MERITS OF STANDARDS IN TECHNOLOGY-ORIENTED NATIONS 


As technologies become more complex and specialized, the public 
must depend increasingly on the assurance that “somebody” has 
looked at the problems and at the hazards; and that ‘rules’ have 
been established for the operation of plants and processes to provide 
necessary and sufficient safeguards to ensure responsiveness to the 
mores of the Nation. In fields involving nuclear reactions or other 
large-scale industrial processes, the “rules” can be the nationally 
recognized standards developed by agreement between major organ- 
izations, both public and private, which have both heetwteclen and 
interest in the field. 

Technological standards fulfill these important purposes: 

1. They promote safety. 

2. They promote simplification by achieving agreements be- 
tween suppliers and users regarding materials, equipment and 
procedures. This simplification should lead to broadly shared 
national benefits of conservation and economical performance. 

3. Well-prepared standards leave the way open for further 
improvements through ingenuity, new technology and materials. 
Standardizing bodies must be flexible enough to encourage rather 
than choke off initiative and technical progress. 

4. Particularly in a new field, a well-planned and well-timed 
system of standards can contribute greatly to the orderly develop- 
ment of the technology. It is easier to reach agreement before 
groups have gone too far along their separate ways. 


THE ORIGIN OF STANDARDS 


Formulation of standards may begin when a pressing need is felt, 
or preferably, when it is foreseen. Simple technological examples are 
agreement on a few standardized automobile wheel sizes, and the 
interchangeability of electrical connecting plugs. The development 
of such carefully planned standards in a production-minded nation is 
inevitable. In the relatively new field of nuclear energy utilization, 
many standards are today being readied for use, while the industry 
is still in an early stage and before practices have become deeply 
rooted. The combined efforts of professional technical societies, 
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industrial associations, agencies of Federal and State Governments, 
labor organizations, and insuring groups are being integrated in this 
work. 


ENFORCEMENT AND USE 


The simple examples mentioned provide evident benefits to all 
TroUups. Enforcement rests comfortably on voluntary agreement. 
Where public safety is involved, a well-tried standard of industry 
may become the technical foundation for laws which require com- 
liance and which may establish inspection requirements to aid en- 
orcement. As an example, the boiler and pressure vessel code of 
the American Society of Mechanical Engineers, enforced by law in 
many States, has been a powerful force in avoiding boiler explosions, 
thus promoting public safety. 

Unless a standard has the force of law—and sometimes even where it 
does have—its acceptance and use rest largely on its merit. The ac- 
tual need for a recognized guide, the extent of experience available as 
background, the w isdom of the authors, the clarity of expression and 
the flexibility to meet changing conditions all influence the worth of 
such standards. 


SOME SALIENT POINTS IN THE HISTORY OF RADIATION PROTECTION 
STANDARDS 


The need for radiation protection criteria was recognized many 
years ago—in fact, shortly after the discovery of ionizing radiation 
and radioactive materials. However, many of the effects of exposure 
to radiation became known only as work with it progressed. During 
the 45 years prior to the atomic age, there were injuries and deaths 
resulting from the considerable amount of work with relatively high 
levels of radiation. These incidents showed conclusively that indis- 
criminate use of radiation without standards for protection cannot be 
tolerated. The National Committee on Radiation Protection, 
similarly responsible committees in other nations, and the Inter- 
national Commission on Radiological Protection were founded in 
recognition of this fact and have provided a great service through their 
continuing program of compiling and studying the data available, and 
in recommending limits for radiation. 

Early experiences provide the basis upon which the knowledge of the 
effects of protracted radiation exposure of man is founded. The 
present limits for radiation protection were derived from them in a 
manner completely analogous to that by which many of the standards 
for toxic chemicals were derived. In the period up to 1940, the 
principal information on the effects of external radiation came from 
four groups of exposed individuals. (1) These were: 

Fluoroscopists who were exposed to short bursts of quite 

intense radiation at rates between 4 and 400 r/hour to the body; 

2. X-ray therapy technicians who were characteristically 

exposed to radiation for periods of 5 to 30 minutes with intervals 

of the same order between treatments. Before self-protected 

tubes and special shields were used, the exposure rate for these 
individuals was on the order of 400 mr/hour. 

3. X-ray therapy patients in which the dose rates were on the 
order of 40 r/hour for a total dose to the body of 80 to 120 r from 
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scattered radiation and delivered over a period of weeks rather 
than years; and 

4. Radium therapists and technicians who were exposed at. 
rates on the order of 4r/hour for periods up to 1 hour at irregular 
intervals with an additional exposure from the background in 
the work area of perhaps 5 to 10 mr/hour through the working 
day. 

Sete this period up to 1940, the limits for radiation were referred 
to as the “tolerance dose.” This implied that there is a level of 
radiation exposure at which there is no lasting damage to the organ- 
ism, presumably because the rate of repair is great enough and con- 
tinues through the lifetime so that the damage is continually repaired. 

The tolerance dose, 100 mr/day, used during the World War II 
period, was based on the experience with the radiation effects on 
people primarily occupationally exposed. Cantril and Parker (1) 
pointed out at this time that the basic numbers available in 1945 
which were accepted as a working basis for occupational exposure 
were: 

1. 100 mr/day for external X and gamma radiation; 

2. 10~-™ curies/cc for radon in the air of working rooms; 

3. 0.1 wg of radium as the maximum allowable amount de 
posited in the body. 

Each of these levels was established by applying a safety factor to 
the amount which had been observed to produce lasting injury to 

ersons so exposed. At the time of this appraisal, the authors be- 
fieved that the safety margin was considerably less than a factor of 10. 
It is true that these numbers were based upon limited numbers of 
cases so that the statistics for applying to total damage with large 
numbers of people were poor. 

Since this time there have been some changes in the limits, primarily 
on the basis of further observations of early patients given radium; of 
epidemiological studies following the uses of radiation in diagnosis and 
therapy; and of extensive animal experiments. The animal experi- 
mentation has been primarily useful in providing concepts rather than 
in providing information directly applicable to human limits, since the 
quantitative response of man to radiation is different from that of most 
laboratory animals. Thus, the concepts of life shortening, most of our 
knowledge of genetic changes, values for the relative biological effec- 
tiveness of different radiations, and the knowledge of the differential 
effects between radium and other bone seekers is based on animal 
experimentation. In the final analysis, however, these concepts are 
applied to man and the human maximum permissible limit through the 
basic information which has been developed in the limited experience 
with the effects on man. 

In the period between 1945 and 1950, the information available on 
the genetic effects and the increasing suspicion that not all somatic 
effects of radiation were of a threshold type (i.e., of a type that requires 
a minimum dose before manifestation) led to the change in terminology 
from ‘tolerance dose” to the present ‘‘maximum permissible dose.” 
It was at this point that the concept of acceptable risk appeared. 

I am convinced that the terminology was changed from the one 
form to the other specifically to underline the acceptance of a no 
threshold dose concept for the production of gene mutations by radia- 
tion (p. 26 et seq. of handbook 59) (2). From a language point of 
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view, one could equally well have been changing from a ‘‘maximum 
permissible dose’’ to “tolerable dose” or ‘‘tolerance dose.”? The intent 
to change to an “acceptable risk’’ line of reasoning was partially 
obscured by an arbitrary choice of words. 

The fundamental change in approach at this point has not always 
been sufficiently emphasized. The earlier chinival observations clearly 
pointed to the existence of threshold effects and perhaps conditioned 
observers to expect all deleterious effects to have a threshold. It was, 
for example, palpably impossible to produce reddening of the skin with 
less than some prescribed dose. If such a threshold applied to every 
radiation effect, an intelligent, wholly technical, search could be made 
to define such thresholds with precision, and persons exposed to lesser 
amounts would be protected in the fullest sense. 

If there is no threshold dose, there is no absolutely safe dose in the 
same sense. The determination of permissible limits then, involves 
value judgments outside the areas of scientific and technical com- 
petence. It is essential that qualified observers recognize this limita- 
tion and reexamine their own role. I believe that it is equally essen- 
tial that these same observers continue to play a basic role in recom- 
mending standards. This follows from the principle of better accept- 
ance of standards having the authority of Snauiiedae: and from one 
further much overlooked factor. This is that although present day 
standards appear to be established in detail by the considerations of 

hysicists, biologists, and other scientists, they are basically validated 
by clinical experience. This experience does go beyond reproducible 
science and does include value judgments in accordance with the 
Hippocratic oath. Because some aspects of the genetic effects are 
beyond clinical observation, there is a needed separate voice of au- 
thority from geneticists. Then, because the decisions are necessarily 
based on cultural reactions to human welfare, many generations hence, 
the whole structure of ethical opinion must be included in some 
fashion. 

The firm resolution of the evidence concerning the response at very 
low dose rate and low total dose as to whether relevant radiation effects 
are threshold, nonthreshold and linear, or nonthreshold and nonlinear 
is the most important factor, in effect, in establishing the authority 
of knowledge for radiation standards. 

There is yet no complete definitive, scientific answer to these ques- 
tions. The assumption of a nonthreshold type of response for somatic 
as well as genetic effects in setting limits, while plausible, is an assump- 
tion and numerical estimates of effects calculated on this basis must 
be treated with reservation. 

It is frequently indicated that the assumption of a nonthreshold 
response is a “safe” assumption. This can be followed by a stipulation 
that permissible exposures are zero. However, there are other con- 
sequences to the Nation as a whole from eliminating radiation or 
radiation exposures. These consequences can be expressed in terms 
of a limitation in our ability to attain the many benefits which radia- 
tion can bring. In essence, then, the risk principle states that radiation 
exposure and the potential damage from radiation should be balanced 
against the benefits of radiation and the limits set at some level where 
the optimal benefits are attained, as compared to the losses. To 
establish such limits for radiation and equally carefully for any other 
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agent or influence on the national life, projected over an indefinite 
number of generations, is a hereulean task. 


PRESENT STANDARDS 


The basis for most of the standards presently used for protection of 
individuals against radiation are the recommendations of the ICRP 
and the NCRKP. As has been noted in previous hearings, these recom- 
mendations have undergone continual change both in the limits 
themselves, and in the basic concepts. In the early history of these 
organizations, radiation was utilized by relatively limited numbers of 
people under reasonably simple conditions. As a result, the recom- 
mendations were primarily based upon prevention of injury to occu- 
pational workers who were either adults, or at least not under 18 years 
of age, and who could be given special medical examinations. They 
were directed to individuals who had reasonable technical competence 
to interpret the recommendations. The present recommendations 
embrace the concept of dose to much larger segments ofthe population, 
including young children as well as the possible exposure of large 
fractions of the total population to relatively low levels of radiation. 

The NCRP recommendations can be divided into two basic parts. 
The first comprises the recommendations for the basic exposure limits 
to which individuals or a population may be exposed. These include 
exposure limitations to the whole body or to the various organs of the 
body as derived from experience with radiation exposure to man and 
modified in terms of the concepts derived from animal experimenta- 
tion. (2) Typical secondary limits associated with these basic recom- 
mendations are the calculated values of the maximum permissible 
body burden which will result in radiation exposures to an individual 
comparable with the basic exposure levels. Even further removed 
from the basic exposure limits are the maximum permissible concentra- 
tions in air and water which are derived from the maximum permis- 
sible body burdens with additional uncertainties added because of the 
necessity of incorporating the metabolic characteristics of the radio- 
nuclide into the calculation. 

The second basic part of the ICRP and the NCRP recommendations 
consists of methods of minimizing the radiation levels. These include 
such recommendations as those found in the handbooks on “X-ray 
Protection” (3); ‘Safe Handling of Radioactive Isotopes’ (4); ‘“‘Con- 
trol and Removal of Contamination in Laboratories” (5); ‘““Recom- 
mendations for Waste Disposal of P * and I '*! for Medical Users”’ (6) ; 
and ‘Safe Design and Use of Industrial Beta-Ray Sources” (7). This 
type of recommendation from the NCRP is intended to provide in- 
formation to the radiation user on how to be responsive to the more 
basic maximum permissible limits in the installation involved. These 
recommendations tend to become quite specific in some cases where 
the characteristics of facilities and their use are more or less alike, as 
in the installation and operation of certain types of X-ray equipment. 
In other cases where the variability between installations is large, no 
attempt is made to indicate specific criteria but rather to provide 
guides which may be interpreted in view of the particular conditions 
in the laboratory involved. 
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SOURCES OF EXPOSURE 


Considerations involved in the derivation of maximum permissible 
limits depend upon the characteristics of the radiation source involved. 
Six different arbitrary classes of radiation exposure may be identified: 

: Pp J 


1. Background radiation 


The background radiation to which man is exposed arises from the 
presence of cosmic radiation and radiations from naturally radioactive 
materials in his environment. This background includes all common 
types of ionizing radiations although the primary exposure to pene- 
trating radiation is from X- and gamma radiation. The level of 
exposure varies from one location to another depending upon the soils, 
rocks, elevations, and latitude. There are areas of the world where 
the background radiation from external exposure alone can be close 
to 1 rem/year. 

All foodstuffs are “contaminated” to some extent with natural radio- 
active materials so that there is a continual intake to the body. With 
modern transportation and shipment of foodstuffs from one region of 
the country to the other, the variations in internal exposure from 
natural radioactive materials may well be less than it was in former 
years. The recommendations for maximum permissible limits con- 
ventionally exclude background radiation. Such levels are of con- 
siderable importance, however, in providing reference points in 
consideration of the effects of radiation. Table I indicates some of 
the measured values of background radiations (8) to indicate general 
levels and some of the expected variations. 

The conventional reason for excluding background and background 
variations is that nothing much can be done about this component. 
If, however, one is contemplating an average annual population dose 
of the order of 100 mrem per year, the question of whether most 
people live in wooden, brick, or concrete houses ceases to be wholly 
irrelevant. , 


2. Medical exposures 


The gonad exposures to people resulting from medical use were 
estimated in 1956 (9), at 2 to 5 roentgens per 30 years with a probable 
dose of 3 roentgens resulting from diagnostic examinations. More 
recent surveys of limited, defined groups have indicated that the con- 
tribution from diagnostic radiation is on the order of 1.5 roentgens 
per 30 years, at least in the groups examined (10, 11). The criteria 
for the control of medical radiations are based primarily on the welfare 
of the patient where the risk versus the gain to the individual is ap- 
parent. The value judgment of the physician is the legitimate con- 
trolling factor. This is indirectly true even in mass uses of X-ray 
such as the chest X-ray program where many potentially serious con- 
ditions are noted in time for treatment. 
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TaBLe I.—Estimated background radiations 
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Cosmic rays: 
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1 Measurements in specific buildings in Sweden; includes external dose from Rn-Tn. 
2 Osteocyte dose 
3 Variations with building types and degree of ventilation. 


3. Occupational exposure 


The number of persons exposed to radiation during their work is 
relatively limited. At present, the occupational group contributes 
comparatively little to the population dose although the ICRP (12) 
estimates that about 1.7 percent of the population could be exposed 
to the full occupational level before this would contribute a propor- 
tional amount to their recommended population limit of a genetic 
dose of 5 rems (~ 30-year dose). Thus, the criteria for occupational 
exposure are based primarily on the probability of somatic damage 
to the individual exposed. The criteria are applied by limiting the 
total dose which the individual can receive with subsidiary controls 
on the rate at which he can receive it. Even under the pessimistic 
assumptions which are made in setting the limits, the probability 
that any individual will be harmed, even late in life, seems to be 
remote unless he should be involved in a serious accident involving 
radiation or radioactive materials. The basic exposure limits of the 
NCRP have nothing to do with control over the occurrence of acci- 
dents. However, many of the supplemental recommendations pro- 
vide practices intended to minimize the probability of such occurrences. 

A possible clue to areas of importance in the control of occupational 
exposure is given by a survey of experience in New York State over a 
period of 3 years. (13) Here, a total of 19 instances of reported 
exposure over the standards is included. Of these, eight were deter- 
mined not to involve actual exposure to people but were due to faulty 
technique or analysis. The remaining 11 instances involved a possible 
69 individuals with both chronic and accidental acute exposure 
involved. A summary of these 11 instances is given in table II. Of 
these 11 incidents, 7 could equally well have occurred before the advent 
of the atomic energy program since they involved radium or radiation 
panne machines. One other incident involved materials which 

ave been handled for many years in industry (uranium and thorium). 
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Taste II].—Summary of radiation exposure instances in New York State, 1956-58 


Number 
Type of exposure Source of people Estimated dose 
involved 
CONG 55 5 iho d i seo bent Radium-radon - ...........-....... 11 | 8-15 rems/13 wk. 
EIOt..-) cbdbocicneadyns eka coeliekiele Si = agdttnoddibobhbbobanasances 10 | 7-14 rems/13 wk. 
Phinda sdl ci sii oe Me i ds 5 | 25-50 rems/13 wk.! 
ER Ee Ce 8 8s ncnctissaconens 5 | 30-60 rems/13 wk.! 
Acute-external.-_............... Sb OV URGE on nie snkk set uee 3 | 5-25 rems, 
D552 ha pigttinainbiek «thie BO VE eRe ide daccnpimesendch< 1 | 300-800 rems.? 
BIO,» Grdd ena vnsdaduneeninds 140 KVP microwave generator - - -- 8 | 5-30 rems.? 
Bes sack ctkl eliliied 1.5 Mev particle generator.__.....- 4 | 400-1,100 rems. 
I ee ee I ead 6 | 0.2-4.0 rems. 
BPRS cdi, ohn > na esld sene USN Wi gn kc enbbiddocctscdate 7 | 2-10 rems. 
Ess piiddec tS edink <4 5 dein Uranium and thorium dust--_-_.. 9 | 0.2-5.0 rems. 


1 Primarily to hands. 
2 Presumably localized. 


4. Population exposure 


Exposure to the overall population results from many causes aside 
from medical and background radiation. Included in this category 
are the environmental contamination from applications of atomic 
energy to peaceful or military uses; the use of radioactive materials in 
many forms including luminous dial watches, static eliminators, thick- 
ness gages; television and other high voltage equipment, etc. In con- 
sidering population exposures, it is necessary to control both the 
average une to the entire population and a separate upper limit of 
dose of the more highly exposed individuals in the population. Con- 
trol of the population exposure requires that some measurements be 
made of the individual components of the total dose so that proper 
apportionment of the maximum permissible level can be made and 
steps taken to eliminate the higher sources where possible. Adminis- 
trative action to apportion these levels before measurements are 
made can be difficult since the action may become fixed and eventually 
work unnecessary restrictions on the overall use of radiation In 
proposing an average dose to a population, it is self-evident that some 
individuals will be exposed to a higher level than others. 

The higher limits for occupational exposure are one recognition 
of this. Another factor is that the population dose has to provide 
both for probable increased susceptibility and the additional life 
span included when infants, presumably even from time of concep- 
tion, are included. Yeta third variant is the greater range of idiosyn- 
crasies of personal habits, bizarre food consumption patterns, and 
perhaps nebulous susceptibilities that are involved in a population 
average. 


5. Special purpose exposure 


Complete limitation of radiation exposure to arbitrary limits could 
eliminate many projects which may be worthwhile. Examples of 
such projects are space flight, or applications of atomic —— to 
aircraft propulsion and to space flight. In such cases special allow- 
ances May be required if the benefits are deemed worthy of attain- 
ment. Usually, such considerations would indicate that the benefits 
would be greater than those expected from normal application or that 
the desirable goal cannot be attained in any other manner. While 
basic acceptance of a risk principle makes different limits acceptable 
for different purposes, the determination of who has appropriate 
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“authority of knowledge’ or other authority. may be a complex 
question. 
6. Emergency exposures 

An exposure limit planned for emergency use should be differentiated 
from accidental exposure. An accidental exposure is one which occurs 
as a result of an accident and cannot be controlled although the prob- 
ability of occurrence of the accident can be strongly influenced by such 
factors as the design and operation of the facility. A so-called planned 
emergency exposure can then be defined for use in the recovery from 
an emergency or accident. Obviously the term must be interpreted 
as “planned exposure limits under emergency conditions’ not as 
“planned emergency” exposure. Emergencies can vary widely in 
character and extent. An extreme would be an atomic war where 
the criteria as to the exposure which should be taken may be based 
upon survival of the Nation. In this case, reasonable exposures may 
exceed the peacetime limits by factors of 10. In peacetime emer- 
gencies, the criteria applied in the recovery phase may depend upon 
the extent of the accident, the need to save lives, or the need to return 
vital installations to production. Here again, the criteria may be 
different from those used in normal applications because of the dif- 
ferent conditions resulting from the emergency. In other words, one 
may wish to assume a risk which might be significant (as contrasted 
with the minimal risk from peacetime limits) in order to attain a rapid 
recovery from an emergency. 


PROBLEMS IN DERIVATION AND APPLICATION 


There are several basic problems involved in setting and applying 
adequate radiation protection limits. Perhaps chief among these is 
the adoption of the risk principle with incomplete knowledge of the 
deleterious effects of radiation in quantitative terms. This is a 
standard problem of calculated risk with a poor calculation. As 
mentioned earlier, the data are inadequate to differentiate between a 
threshold and a nonthreshold effect or between dose-effect linearity 
so that estimates of damage are invariably based on pessimistic as- 
sumptions as to the effect on the individual. Furthermore, knowledge 
of the benefits and the applicability of the benefits to individuals who 
may run the risk of being harmed are ill-defined because of the very 
nature of the problem. The pace of resolution of these questions by 
programmatic research will almost inevitably be discouragingly slow 
and costly, although limits of uncertainty may be reduced by well- 
conceived research programs. In the long run, however, the answers 
to the questions of risk to people will probably result from more 
fundamental advances in knowledge of biological systems and the 
effects of radiation on them. Much fundamental research in bio- 
chemistry, biophysics and biological phenomena not at all directed to 
radiation protection should aid considerably in shedding light on these 
problems. 

A second potential problem with radiation is its possible widespread 
use and the consequent increased exposure of all segments of the popu- 
lation to low-levels of radiation. Technology has advanced to the 
point where radiation is used not only in atomic energy but in many 
situations encountered in normal, everyday life. Radiation is not 
only a useful tool to be used by more people, it is an unwanted com- 
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ponent of other activities such as television. An indication of the 
present situation in terms of the average exposure to people is given 
in table III where some estimates of the total radiation received by 
the population are tabulated. The relatively small contribution of 
“atomic energy” as such is of significance in the present context. 

A third basic problem involves the philosophy of how much enforce- 
ment is required to provide the required degree of safeguard. How 
rigorously should the whole field be regulated by methods represent- 
ing real handicaps to the more conscientious users, in order to reduce 
the chance of hazard originating from some act of a less responsible 
individual? 

This is a problem common in principle to many areas of activity. 
The atomic energy field perhaps may have some built-in pride in 
having approached safety Seeies with more care, foresight, and 
expenditure of money on safety than other fields. Yet it will not 
continue to be sensible to seek a degree of safety grossly out of pro- 
portion to that applied to any other activity. 


Tasie III.—30-year per capita doses in the United States from radiation sources 


30-year dose 


























Source | 
| Gonad dose, Mean mar- 
rem row dose, 
rem 
Natural radiation: 
External: 
COPED FUG oan nce s cen toca cnc adebuscsbbecssbscadt acta ated } 10.8-1.4 0. 8-1. 4 
"Dem CONC w dni ibe 6 Kctetihatn thn ipadptincitintiniidecsipco tise 11, 2-3.6 1. 2-3. 6 
a IIL... 4... neininaodipchoresdnmmiiantemcctatinaiimmbeaininiabendiia 2.06 06 
Internal: 
WEP Sc ewe cated bak skddaids be adatneubadsdtecins Veeder teas 12.6 2.3 
OREN Sai kt eh sl oo OT ee oe Se . 12°05 | 2 05 
SPE, 64 oak cd debbsadabelttdn hdndsdtdetn dattitedssstatdladehtetnbahtedtt 206 | 2.06 
I shine iain cashed ath Rte hai decane ame agtaacemmanoiadadaaeaeltae tamenaaaenaa eae 2.05 
PE —— , — Te 
cotton baited nantes vecupepreieenreginlinanmen bane 44 | 4 
Man-made radiation: 
SIE I pron 0s, nrnacini Taian enemas on ceremnspocteumsmeaaeaeeaaee 133 | 71.4 
meey Geren. 20 UU. 0. 15. De ia eee. oess 36 | (*) 
Internal isotopes..........--- a lscimeiitihtccmicl teins it Nil iain attain | <.03 | (4) 
ae Gs le 1. tp ccbdbbae te lscb tel tuecudlene a v- - 
Ret Nate i ee kb hd OE } 1 . | . 
FP esisciin onadoabhedaisinciqcnnnaiaacioaimmebameemieniaiimant . 003 2,003 
DeGiGns WOPREIG oc. ccccencee neon cee eso th LO | .03 (*) 
| —_———_————__—_ | 
weirs n ecu matical eae ~3.5 | 1.4 
DUIGIIIIG Wai no cksnc cence nntcneomickhtsscceuietannainanea ~8 5-6 


1 See reference 9. 
2 See reference 8. 
ee studies on limited groups have given values on the order of 1.5 rem. (See references 10 and 


4 No estimate. 


A fourth basic problem concerns interpretation of certain features 
by the body of qualified professional opinion. Limits tend to be 
written for control over various time periods—any consecutive 7 days, 
any consecutive 13 weeks, any calendar quarter, any calendar year, 
and so on. There is need for a reinterpretation of the significance of 
these time limits. 

There are limits covering specific parts of the body, the head, the 
hands and forearms, the feet and ankles, and so on. There are sepa- 
rate limits for different radiation types with some attempt to integrate 
these through the terminology of the “rem.’’ Yet when this unit is 
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applied too broadly, it commits the user to an implicit evaluation of 
relative biological effectiveness, which cannot be made reliably. 
Then separate limits are provided for an ever-increasing battery of 
different radio-nuclides. Man gets so subdivided between time, 
me and radio-nuclides that the basic integrating sense of standards 
is lost. 

A fifth basic problem with radiation limits concerns their interpreta- 
tion by the public. In order for radiation limits to be completely 
applicable, they must be accepted by the public as the most authori- 
tative available. To accomplish this end, public awareness of the 
broad basic considerations involved in setting the limits is needed. 
If the effects of radiation against which protection is provided were 
dramatic and immediate, the public could visualize the need for limits 
and the approximate level at which those limits should be set. A pop- 
ular misconception is that dire results will occur from the exceeding 
of alimit. The present limits are rather intended as action standards 
and not as effect standards. That is, standards to minimize exposure 
are set at such a low level that deleterious effects even late in life are 
expected to be minimal. The purpose of quoting absolute limits is 
to provide designers and operators with a firm benchmark which they 
can use in their practices with reasonable assurance that unacceptable 
risk will not result. 

A contributing factor to this problem is, surprisingly enough, the 
ability to measure very small radiation exposures. The ability to 
measure the actual radiation exposure which people receive is far 
ahead of the ability to measure exposure for most toxic substances. 
Although this is an advantage in the protection of individuals from 
the effects of radiation, it can be a detriment if the public fears that 
any positive measurement of radiation will eventually result in 

amage. 

A solution to many of these problems cannot reasonably be expected 
at short term. A principal contribution lies in educating the public 
to a better understanding of the concepts upon which radiation pro- 
tection standards are based. Understanding and acceptance of the 
basic concepts involved without immersion in a morass of technical 
details, which is almost overwhelming the technically informed, is a 
national requirement. I believe that the present hearings will make 
possible a major step in that direction. 
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GENERAL CONCEPTS AND PROCEDURES IN ESTABLISH- 
MENT OF HEALTH STANDARDS 


(By Francis J. Weber, M.D., Chief, Division of Radiological Health, 
Bureau of State Services, Public Health Service, U.S. Department 
of Health, Education, and Welfare) 


I. INTRODUCTION 


One of the leading concerns of the public official, whether he be a 
member of the executive, legislative, or judicial branch of Govern- 
ment, is that of standards which must be applied during the conduct 
of his work. These include those to whieh he, himself, is expected 
to conform. Many standards do not present great problems in their 
application, especially where they are simple and easily understood. 

uch meet with particularly easy acquiescence when their uses follow 
in a long tradition. Their applications call for mere honesty, nomi- 
nal competence, and good aaaeied, However, where a new stand- 
ard is required to properly manage a new problem, or where a stand- 
ard, of necessity, is based on a combination of demonstrable fact and 
empiricism, the problems of application and public acceptance become 
more difficult. Since many standards are of this nature, officials are 
often required to defend their actions in respect to them. 

For a public official to be without ready answers to every question 
is Senses regarded as unforgivable conduct. The interrogator fre- 
quently concludes that the official is either concealing the truth or 
that he lacks the intellect which the office calls for, and perhaps ought 
to be replaced. Possibly these ideas reflect the public’s image of what 
its representatives ought to be, a picture of wise and honest men with 
answers for all their questions. Thus, we can begin by saying that 
those who either develop standards, or apply them in the interests of 
public betterment are, in turn, judged by public standards governing 
expected performance. Few officials are willing to claim the infalli- 
bility which such expectations imply. Least of all, do they admit to 
having a thorough grasp of the underlying basis of each of the factors 
involved in a standard of considerable complexity, of which the field 
of science furnishes many examples. If this type of standard is also 
one of general applicability in the public realm, there is probably no 
one person who has a complete grasp. Therefore, such circumstances 

uire development of a consensus within a framework of informed 
judgment. The history of standardization shows this to be an in- 
tricate process. 

It is probably correct to say that officials have a sincere interest 
in standards in a way not generally appreciated. This interest 
manifested itself early in the history of the United States as a nation. 
Thus, we find President George Washington, upon first taking office, 
enjoining the Congress in an official message to proceed speedily 
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toward a national, uniform system of weights and measures. Thomas 
Jefferson also played an active role in the matter. John Quincy 
Adams later put a great deal of his thought and effort into this 
problem of standardization. Although Adams, for certain practical 
reasons which he felt argued against its general adoption, never be- 
came a full convert to the metric system, he showed his deep concern 
with the necessity of firm standards as a basis for the growing indus- 
trial, commercial, scientific, and other interests in the new nation. 
His activities in this area led him to state the purposes of the legislator 
in fixing standards (1) : 


His purposes are uniformity, permanency, universality; one standard to be 
the same for all persons and all purposes, and to continue the same forever. 
Here, he was speaking of reer and measures which might admit 
to such an ideal approach. By putting the matter that way, he 
attempted to define the ideal of a standard. In many cases, however, 


it is only possible to approach this ideal, for reasons which it is 
hoped to make clear. 


Il. THE GENERAL CONCEPT OF STANDARDS 


A. Standardization seen in the natural world 


If standards be carefully studied from a general viewpoint, one 
can probably get his best lessons from an examination of the work- 
ings of nature. An example is immediately at hand in the biological 
field, in the form of natural selection occurring during the course of 
evolution. This process consists in the selection and preservation of 
unique types, with each type of living thing conforming to a certain 
stasplend, The operation is particularly well demonstrated in the 
field of genetics where a well-defined pattern of traits, characteristic 
of the particular species, is carried from generation to generation 
conbiel: in the system of genes. This code lies ready to unfold in a 
regular and distinct somatic pattern in individuals of that species. 

One also observes the phenomenon of standardization even in the 
minutest part of the universal spectrum—the region of the atom. 
The atoms of hydrogen, for example, are like each other as are the 
atoms forming a heavy metal like uranium. Each of these elements 
gain their particular identities from the distinct standardized pat- 
terns formed by their respective atomic arrangements. 

_ The list could be greatly extended because the universe abounds 
in types conforming to fixed uniform standards, from the regular 
movements of celestial bodies to the fixed properties of a variety of 
— ranging from substances like metals all the way to living 
cells, 

B. The general nature of standards in the world of man 


In the area of human affairs, it is also apparent that the mores and 
customs of society, with the practices based on them, undergo an 
evolutionary development in which standardization plays an essential 
part. This might be viewed as a necessary process to enable a better 
adjustment to man’s personal and physical surroundings, an effort 
which includes attempts to alter the environment in ways useful to 

im. Since this report is primarily concerned with operations in the 
latter area, a review will be attempted of the manner in which the 
standardization, necessarily entailed in such efforts, has been effected. 

54561603 
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This can begin by seeing what standards in society have come to 
mean. In the ordinary sense of the term, the process of standardiza- 
tion has now come to mean the establishment of standards by which 
the extent, quality, value, performance, and service of any activity 
requiring standardization may be judged. Simple examples are 
found in everyday experience in the form of such standard units of 
measurement as the mile, the hour, the pound, the dollar, and the 
standardized 5-grain adult dose of aspirin. Since each of the units 
connotes the necessity for measurement, all work in this area depends 
on the availability of suitable instruments of precision. 

The disciplines of public health and medicine share with many other 
scientific and social organizations a common interest in procedures 
leading to the adoption and subsequent application of standards. 
While many of the measurements involved in the process of standardi- 
zation can be fairly well limited to the laboratory setting, a number 
of others operate within a broad relationship to other standards of a 
more general nature which are not so precisely measurable, but neces- 
sary for a general improvement of the society which it serves. 

One such example is the “standard of living.” Even though the 
term in ordinary discourse usually means a mere list of material things 
affording a measure of the enjoyments and comforts of living which 
such things provide, the standard represents more than that. For 
example, in its broadest context it would touch on the state of health, 
and the degree to which it is affected by the things ordinarily thought 
of when referring to that standard. Housing accommodations, for 
example, one of the indexes of living standards, has been found to 
bear a certain relationship to states of health as expressed in various 


morbidity and mortality statistics. Tuberculous prevalence and in- 
cidence are cases in point. Therefore, many health standards are 
intimately related to others, an such a general one as the ex- 


ample given. Therefore, we see quickly why a public health standard 
cannot. be completely explained in terms of scientific measurements 
confined to just its own field. 

When standards have become well established, they tend to function 
automatically, as is the case with all well-learned behavior. The 
road to this condition, however, is not unattended by considerable 
difficulties, particularly during the early period of standard develop- 
ment. Moreover, not all standards which are prepared for adoption 
because their scientific basis makes them preferable over some others 
are always fully adopted. The great controversy over the adoption 
of the metric system in the United States during the 19th century is 
a case in point. It has never been officially accepted as the national 
standard. 

Therefore, although scientists are often puzzled by the failure to 
accept standards which have the best foundations, the reasons why 
this should sometimes be so are not difficult to discern. One principal 
reason is a reluctance to change established patterns found to be gen- 
erally effective. This is especially true where the exchange is based 
on promises set forth in a new mode of operation, the basis of which 
is poorly understood. Contemporary experience, with attempts to 
modify standards of water quality through the addition of fluoride 
salts for prevention of dental caries, is a case in point. The grounds 
for new procedures designed for management of problems in the 
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ionizing radiation field form an even more mysterious subject, and 
encounter attitudes which range between the extremes, 

In any event, the process of standardization is an active force in all 
of civilized society, making possible the relatively stable forms of our 
institutions, laws, customs, and literature, as well as its arts and 
sciences. Properly managed, it raises the quality of performance 
generally, a point well illustrated-in the process of mass production 
where dt is based on a good selection from a variety of possible types. 


0. The development of standards viewed in its historical perspective 

History is the most fundamental science, for there is no human knowledge 
which cannot lose its scientific character when men forget the conditions under 
which it originated, the questions which it answered, and the functions it was 
created to serve. A great part of the mysticism and superstition of educated 
men consists of knowledge which has broken loose from its historical moorings 
(Benjamin Farrington in “Greek Science’) (2). 

Thus, any review of the matter of standards, even a cursory one 
such as this, requires an examination of the historic background in 
order to better understand their meaning as well as the way their 
gi are van are regarded. 

Standard setting has always been a leading concern of rulers and 
legislators from earliest recorded history. Inasmuch as these first 
dealt with physically measurable quantities, the early efforts in the 
field involved standardization of weights and measures. The oldest 
standard discovered appears to be the Bequa. This is named upon 
three weights in Palestine, and dates the period of their use some- 
where between 7000 and 8000 B.C. This, and other evidences, indi- 
cate that measures of this type, needed mainly in trade and other 
commercial practices, are probably as old as organized society. The 
founder of the Chinese empire, who ordered the construction of the 
Great Wall, declared the establishment of uniform weights and meas- 
ures throughout the empire to be one of his principal intentions dur- 
ing the first days of his rule. Mention of proper measures is made 
in the Bible and, among the early rulers of the West, King Charle- 
magne gave the matter his personal attention. The interest of Wash- 
ington, Jefferson, and Adams has already been mentioned. 

This early work in metrology is instructive in many ways. One is 
the fact that its history displays how new ways of looking at things 
formed a significant part in its progressive development. Thus, the 
ancient Egyptians who established length as a fundamental unit of 
measure, found they could develop a more precise determination of 
area if they squared the unit of length. Later, it was found that a 
ra ag of capacity was rendered possible if the unit of length were 
cubed. 

If time and space permitted recounting it in detail, the great debate 
over adoption of the metric system by the United States would prove 
instructive for our present purposes. Despite this limitation, a few of 
the principal points shall be given here, because the matter illustrates 
several factors of importance in settling a question of such general 
nature. When the rulers who emerged during the French Revolution 
assumed control, they acted as many others did under similar circum- 
stances: they took a quick look about them for a new and radically 
different system of standardized measurements which they could in- 
stitute. Fortunately, the happy circumstance of an existing well- 
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thought-out system of measurements already being employed by scien- 
tists themselves, plus the presence of outstanding French scientists like 
Lavosier to enable placing the system on a firm foundation, made the 
effort relatively easy. Although the rationale of the system was appre- 
ciated by officials in the United States and Great Britain, these two 
countries—already well established in trade and industrial enter- 
prises—found themselves unable to join the company of other nations 
following the metric system as the official standard of measurements. 
To do so would have entailed enormous expense as well as a process of 
extensive reeducation in those areas where the extant system of meas- 
urements was so well understood. Nevertheless, the use of this system 
has been adopted by all scientists in all countries, including the United 
States and the United Kingdom. 

The metric system is chosen as an example to illustrate the com- 
plexity of standard setting. This complexity is engendered by the 
necessity to take into account all interests, nonscientific as well as 
scientific, which frequently results in making the interests of the 
former overriding. Therefore, such examples show us that in the 
selection of a standard where scientific evidence is an important part 
of the matter, the final decision is not always one in which the judg- 
ment of scientists is the principal consideration leading to its selection. 

Nevertheless, the history of technical standards development is an 
essential part of the history of science itself. This follows because, 
with the progress made in the discovery of natural laws, precise meas- 
urements of the factors involved have been rendered possible. De- 
pending on the degree to which such laws are understood, standards 
of varying exactness can then be formulated. 

The expression of standards arising from these natural laws depends 
on three fundamental measurements: length, mass, and time, with 
other units derived from them. As science has progressed, the num- 
ber of derived units, frequently of considerable complexity, has in- 
creased greatly. For example, temperature measurements were form- 
ulated in certain terms with the discovery of the principle of expan- 
sion, but as it came to be explained by new concepts of energy which 
included the laws of thermodynamics expressed in heat-energy rela- 
tionships, new standard units were required for the newer applica- 
tions. Terrestrial time has come to be based upon extended, precise 
astronomical observations, and sound upon the measurement of vibra- 
tions of a certain type. Then, as scientists discovered the relationships 
between magnetism and electricity, this led to many applications like 
the electrical motor, the generator, the telegraph, and others, all of 
them necessitating new standards. 

Therefore, this history of science shows the growing importance of 
standardized measurements. 

Like all of science, medicine and public health also rely on a sys- 
tem of measurements, many of them shared with the body of other 
sciences, in addition to those peculiar to their own special practices. 
Further progress in solving many of the remaining problems in these 
fields depends to a significant degree on the perfection of better 
measurements. 

Because of the complexity of their subject matter and their depend- 
ance on discoveries in the basic sciences, these disciplines did not 
begin to mature until around 1800, when the first beginnings were 
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discernible in the famous French school in Paris. Earlier practice 
in these arts was largely empirical, represented, in the main, by a 
few mildly efficacious alata preparations for therapy, and limited 
surgery with its main contributions to cases of trauma, or on the battle- 
field. This was combined with a strong mixture of superstition, shared 
by a variety of practitioners as well as the laity, and marked by an 
adherence to standards often more rigid than many scientific stand- 
ards today. 

The demonstration of the pathological features of tuberculosis by 
Louis (3), the leader of the Paris school, based on a long experience, 
including the conduct of the astounding number of about 20,000 
autopsies, helped standardize the diagnosis of an important disease 
for the first time. This helped set the pattern for investigation of 
other diseases, and thus rendered standardized diagnostic procedures 
possible. Without this, physicians could not begin to accurately esti- 
mate the contributions made by various pathological states to the forces 
of morbidity and mortality. Here, we see what was probably the first 
application of the scientific method to the problem of disease on a 
large scale. Among other things, it enabled a reproducibility of diag- 
nostic results in the hands of other practitioners, provided the same 
diagnostic standards or criteria were applied. 

With further development in the new sciences of medicine and 
public health, the circumstances giving rise to the communicable dis- 
eases were gradually disclosed through extended application of the 
scientific method. Emphasis was given the epidemic diseases such as 
smallpox, cholera, and yellow fever. The discoveries of Pasteur, and 
the standards for proof of etiology laid down by Koch, were estab- 
lished as well-structured forms and procedures by the beginning of 
the 20th century. This work laid the foundations for the specialty of 
epidemiology, upon the techniques of which much of public health 
work now depends for the elucidation of health problems as well as 
their management. 

The first attempts to standardize the overall public health picture 
might be seen in the reporting of vital statistics. The State of Massa- 
chusetts began to register births and deaths in 1857. By 1900, 10 
States and the District of Columbia also required such registration ; 
and since 1933, every State has this requirement. These have pro- 
vided basic guides enabling better directed public health efforts in 
managing general and special health problems. 

This was augmented by the attention devoted to morbidity or sick- 
ness records. The oldest tabulated morbidity data was developed by 
William Farr from the records of the English Friendly Societies in 
his report on vital statistics in 1837. This work was gradually ex- 
tended; and, since 1920, sickness records have been collected by the 
Public Health Service from large sick-benefit associations. Progress 
in the field enabled the Service to conduct a national health inven- 
tory during 1935-36, and this has been followed by another, now near- 
ing completion. 

The first attempt to require reporting of specific diseases—in this 
case communicable diseases like smallpox, diphtheria, scarlet fever, 
and others—was begun in Massachusetts in 1874, in the form of volun- 
tary reporting by physicians in that State. Masachusetts then re- 

quired this by law in 1884, this first effort being followed in succes- 
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sion by the other States of the Union, until now every State requires 
the recording of important communicable diseases. 

As a result of standardization in diagnosis and the compulsory 
reporting of many of them, the status of the communicable diseases 
is fairly well known. The same is not true of many other conditions, 
especially those of less dramatic onset and course, but which, never- 
theless, are important causes of illness and death. Standards gov- 
erning determination of their etiology and precise nature are dif- 
ficult. to develop and apply. For example, in the category of con- 
genital malformations, one finds this to be a “catch basket” for 
many entities, some of them of genetic origin with others the re- 
sult of external factors, and still others probably representing some 
combination of both. When such a condition exists, studies seek- 
ing to disclose the importance of single factors in causation, or in 
attempting to prevent or ameliorate the condition in some way, are 
fraught with considerable difficulties. 

This raises the next question of the influence of man’s environment 
considered in terms of what he finds in it which affects him, or what 
he may put into it for the primary purpose of introducing some bene- 
fit, or another which shall pose some problem for his own health or 
safety. Speaking now only of the public health realm, we discover 
that some attention was given the matter even in ancient times. De- 
liberate efforts to improve health through environmental manipula- 
tion were not many but are of interest where they are found. Shat- 
tuck gives us instances which include the sanitary laws of the ancient 
Hebrew tribes, the establishment in ancient Greece of city health 
officers, the oy copre education program of Sparta, and the promuiga- 
tion of rules for protecting the public health in the Roman Empire. 

There was a notable lack of sanitary standards in Medieval Eu- 
rope, and the first “sanitary police” organization (4) was established 
in France in 1350. The appearance of manufacturing activities led 
the French Government to establish a Council of Health in 1802, with 
the responsibility of reporting on the health, salubrity, and conditions 
in industry. This led to a classification of industries, with those of 
the first class being those which presented the “danger of fire, actual 
injuriousness to health, or the intolerably fetid odors which they 
emit.” These could only be established after prolonged and numer- 
ous formalities, including posting requests for permission to oper- 
ate, allowing an intervening period for protests to arise, and seoviling 
for hearings on the matter, with the final permission to operate (or 
to discontinue operation of prior operations had been ruled unsatis- 
factory) residing with the local authorities. 

In this connection, it is interesting to note that the first health pro- 
tection standards in the United States appeared in the early 1800’s, in 
the form of regulations established by State and local authorities (5). 
These provided the basis for the factory inspection laws of the time. 
Although in the beginning these covered only a few of the simpler 
gross hazards, they prepared the way for today’s complex system of 
safety standards followed by thousands of municipalities, as well as 
the States and the Federal Government. 

As the movement, usually called “Sanitary Reform”, gathered mo- 
mentum in the various Western nations, the middle of the 19th cen- 
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tury witnessed the beginning of international collaboration in disease 
control. 

On July 27, 1851, a conference (6) convened at Paris to “safeguard 
the public health” in connection with commercial and maritime activ- 
ities requiring a more uniform sanitary regime. Work continued in 
this area until 1926, when the sanitary convention at Paris was signed 
by a number of countries, including the United States. This estab- 
lished standards for prevention and control of diseases such as plague, 
yellow fever, and cholera. Therefore, the establishment of standards 
took on an international aspect through a group of health scientists 
seeking a common solution of health problems. 

Another example is found in the establishment of the Industrial 
Health Service of the International Labor Office, which was given its 
charter in part XIII of the Treaty of Versailles. This describes the 
hours of work, provides a list of occupational diseases, suggests stand- 
ards of workmen’s compensation for accidents, and outlines steps to be 
taken in accident protection and accident prevention. Many of these 
recommendations have been incorporated in much of the national 
legislation in a number of countries today. 

Another example is in the field of standardizing laboratory pro- 
cedures (7). Here, the Health Organization of the League of Nations, 
during the period 1921-30, standardized laboratory tests for syphilis, 
The Permanent Standards Committee of this organization also 
undertook in 1923 to standardize salvarsan for the treatment of 
syphilis; and in 1928 initiated a program of standardization of various 
treatment schedules for that disease. As biologic products became 
available for the treatment of certain diseases, standards of prepara- 
tion and use were developed. Paul Ehrlich established the first such 
standard late in the 19th century, in the form of a stable dry prepara- 
tion of diphtheria antitoxin. This was made available to other health 
organizations throughout the world to enable the latter to compare 
their own sera with the Ehrlich standard. 

Other biologics, as well as drugs, vitamins, and endocrine products, 
have now been standardized through the efforts of various scientific 
committees formed for the work. By 1935 the work of the Interna- 
tional Commission had established standards for 28 preparations, 
with the standards divided between two central laboratories, one in 
London and the other in Copenhagen. Test methods now include a 
wide variety of standardized procedures involving a number of animal 
species for testing various measurement levels, the use of standardized 
reagents, the dosage to be employed in titrations and the prescribing 
of various injection methods. 

As intricate and detailed as work in the foregoing area may be, other 
types of health standards offer problems of even greater complexity. 
This is especially true when we need to take into account units of meas- 
urement derived from different systems and attempt to relate them 
in a way that the needed standard requires. For example, the plati- 
num-meter bar, the unit of length in the metric system, can be care- 

fully stored in a vault in Paris, but the kilowatt-hour, an essential 
unit in the field of electricity, cannot. 

The difficulties are compounded when standard units in the biological 
field are required. Some of these have arrived at a stage of consider- 
able perfection. Diphtheria or tetanus toxoid, for instance, bears a 
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general analogy to the meter bar, since either one lends itself to prepa- 
ration under a satisfactory protocol, and can be maintained under pre- 
scribed conditions of temperature, moisture, and other things cal- 
culated to preserve its potency. The preparation can also be defined 
in terms of different sized units in the same way that the meter bar 
can be arbitrarily subdivided into millimeters, centimeters, etc. Other 
preparations of the same type can be ee against it through cer- 
tain tests, like those on animals or animal cells, utilizing prescribed 
dilutions of the new preparation. In this way, the amount of the 
preparation being assayed which has the same biologic effect as a unit 
of the standard can be determined. The preparation can then be 
labeled in terms of its content of standard units per gram or cubic 
centimeter. 

This is not the end of the matter, however. During the course of its 
use, the physician must take into account such factors as age, possible 
undesirable reactions to the drug, the period of treatment, and the 
possibilities of combination with other therapeutic agents. Further- 
more, its use will usually be accompanied by one or more laboratory, or 
other technical procedures, involving measurements needed to evalu- 
ate the success of treatment. Each of these involves the application 
of standards governing its own particular case, and frequently is less 
precise and often difficult to apply. 

On this last point, we have been speaking of some of the difficulties 
arising with standards of therapy, with many of them quite clearly 
involving, in this case, the physician’s judgment in the many cases 
where he lacks—but wishes he had—more precise, scientific measures. 
Nevertheless, he is still within his own particular province when he 
operates there, and training and experience can reinforce the correct- 
ness of his judgment. 

There are still other standards in the health sciences governing 
individual professional competency and performance. These are 
especially important because many standards can only represent the 
fruits of voluntary effort on the part of the individual practitioner 
or in conjunction with his professional group. The historic oath of 
Hippocrates, for example, establishes criteria for the physician in 
connection with his work with patients. Medical groups in all coun- 
tries have developed or subscribed to codes of ethics, which estab- 
lished standards of practice. This has formed the basis for State 
statutes wherein, for example, medical practice is defined and the 
manner in which practitioners are licensed and regulated. Therefore, 
the physician operates under a system of standards—one set being 
voluntarily imposed, and another in fulfillment of statutory require- 
ments, each of these complementing the other. In certain areas, how- 
ever, we encounter a lack of governing codes of procedure. The writer 
understands that at the beginning of the work of the U.S. Public 
Health Service Clinical Center, there existed no legal precedent for 
the human experimentation in which that center was necessarily in- 
volved. Dr. Henry K. Beecher (8), in investigating this subject, was 
surprised to find that although human experimentation had been 
practiced throughout history, because of its necessity in many cases, 
the problem, nevertheless has been skirted by legal authorities over 
the centuries. For example, officials required to conduct the Nu- 
remberg trials concerning human experimentation found it neces- 
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sary to establish certain basic principles of their own, by which 
those who had indulged in human experimentation could be fairly 
judged. Therefore, they established 10 rules based on certain prin- 
ciples, the violation of any of which was considered sufficient for im- 
posing legal punishments, including death sentences as well as prison 
terms. The first rule required that “the voluntary consent of the 
human subject is sherk essential.” The other rules went on to 
describe the conditions of any experiment in terms of protection of 
the individual. This illustrates the difficulties with some of the more 
complex problems of standards development. 

Now when one turns to the physical environment, the range of 
problems is considerably extended, since certain physical agents oper- 
ate within a framework of special natural laws, best understood by 
practitioners of other scientific disciplines. In the interchange of 
action of these environmental agents with that of living tissues, much 
goes on that is not well understood. If these problems are to be 
better understood, it requires an integration of the respective under- 
standings of a number of disciplines, followed by an attempt to channel 
this pooled knowledge into constructive ways of action within a field 
which is often called environmental health. Therefore, we might next 
take a quick look at how programs in this area are developed, with 
particular reference to the different kinds of standards that such 
work entails. 

There is much clear evidence that man was early aware that his 
environment could affect him for good or ill. This has always led 
him to change it in ways calculated to redound to his benefit. In 
attempting this, he found that some harmful agents were easily 
visible and not difficult to counteract. But other problems which 
were not so apparent offered insurmountable difficulties. Gradually, 
however, science perfected instruments of detection which extended 
knowledge in areas not previously accessible to ordinary sensory 
perception. More often than not, the results were met with incredul- 
ity. This reaction was evident in the early period when the germ 
theory of disease was being developed. As a consequence, the first 
reports of microorganisms as causative agents of some of the common 
diseases were received with disbelief or complete rejection. Some 
traces of these attitudes remain today, in the form of such expressions 
as “what you can’t see won’t hurt you.” Indeed, there remain a 
dwindling number of outspoken opponents of the doctrine. By and 
large, however, the facts which provide the basis for standards of 
practice in the field are willingly accepted by the general public. 
Therefore, it can be expected that, given a suitable time interval, 
sound standards in the new fields of discovery will be instituted, even 
though this fresh knowledge frequently fails to meet with acceptance 
at first. Indeed, at times, things seem to need to get worse before 
a code is established or a law enacted. 

Some examples of the ways standardized practices, based on accept- 
ance of “the germ theory,” were first developed in scientific olitles 
and later accepted by the general public, should prove instructive. 
Scientists began intensive study of the vehicles of transmission of 
these agents during the late 19th century. These included problems 
of water, wastes in the form of sewage, milk, and later insect vectors 
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and other media through which communicable disease could be 
transmitted. 

The results were typified by the first of a series of sound recom- 
mendations for health authorities for the control of water-borne dis- 
eases in this country. This report, compiled by the American Public 
Health Association’s Committee on the Pollution of Water Supplies, 
was published in September 1894. It was followed in 1900 by a pre- 
liminary report of an APHA Committee on Standard Methods of 
Water Analysis, and later, in 1905, by a further report by the same 
committee addressed to that subject. 

The discussion by the committee framing that early report is quite 
enlightening, since it indicates the attitudes of environmental health 


scientists toward the subject of standards development. To quote it 
In part: 


The methods of analysis presented in this report as “standard methods” are 
believed to represent the best current practice of American water analysts, and 
to be generally applicable in connection with the ordinary problems of water 
purification, sewage disposal, and sanitary investigation. Analysts working on 
widely different problems manifestly cannot use methods which are identical, 
and special problems obviously require the methods best adapted to them; but 
while recognizing these facts, it yet remains true that sound progress in analyti- 
cal work will advance in proportion to the general adoption of methods which 
are reliable, uniform, and adequate. 

It is said by some that standard methods within the field of applied science 
tend to stifle investigation and that they retard true progress. If such standards 
are used in the proper spirit, this ought not to be so. The committee strongly 
believes that every effort should be continued to improve the technique of water 
analysis, and especially to compare current methods with those herein recom- 
mended, where different, so that results obtained may become still more accu- 
rate and reliable than they are at present. 

In table No. 1 are given the more important essential determinations which, 
in the opinion of the committee, should be applied to each of the principal lines 
of analytical work in connection with the ordinary problems of water supply 
and sewage disposal. 

It will also be noted that the bacteriological determinations, including the tests 
for bacillus coli are given much more prominence than was formerly the case, 
and that less attention is given to the organic matter as determined by chemical 
analysis. This is because of the inability of the chemical methods to separate 
the portion of the organic matter which is of no sanitary significance from that 
which is associated with pollution or infection. 


A close parallel to this type of situation is found in the environmen- 
tal radiation field today. It is quite important, for example, that 
analysts of environmental media for radiological purposes develop 
methods which separate the significant portion of isotopes and mole- 
cules and particles containing isotopes from those which have no 
significance at the time they are being measured. 

ow, to continue with the report of this committee of scientists, 
composed of bacteriologists, biologists, and sanitary engineers. This 
is of more than passing interest because it forecast the way in which 
environmental health standards would be established in the health 
field. 

In a letter of transmittal to the chairman and members of the 
laboratory section of the American Public Health Association, dated 
December 19, 1904, we find the steps that had been taken up to that 
time by way of formulating standard methods. The letter indicated 
a period of 10 years was required, from the beginning of the movement 
in North America, to secure the adoption of more uniform and effi- 
cient methods for water analysis, particularly of bacteriological meth- 
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ods. The earlier accomplishments had been confined mainly to uni- 
form methods of recording chemical results. In extending the work 
to the bacteriological field, the first step was in the form of an invita- 
tion by a subcommittee of the Committee on Pollution of Water Su 
plies, calling for a convention of American bacteriologists. This 
convention assembled in New York in June 1895, and resulted in the 
appointment of a committee to draw up procedures for the study of 
bacteria in a uniform manner and with special reference to differen- 
tiation of species. This committee submitted a report at the Phila- 
delphia meeting of the association in 1897. It was published early 
in 1898, and has been widely used in various laboratories of this 
country. 

At the Minneapolis meeting in 1899, the present form of the com- 
mittee took shape, with the added change of extending the standard 

rocedures to include not only a determmation of species of bacteria 
but all the other lines of investigation involved in the analysis of 
water. 

The committee also undertook to ascertain the views of various 
laboratories concerned respecting not only concepts in the bacteriolog- 
ical field, but also those currently held with respect to the chemical, 
physical, and microscopic examinations of water. At the same time, 
much cooperative work was done in connection with the differentiation 
of species of bacteria. 

Progress reports were made at meetings held in Indianapolis, 
Buffalo, and New Orleans in 1900, 1901, and 1902, the latter bei 
published in the proceedings of the association for those years, cad 
the former reported in Science. In 1901, the committee was instructed 
to revise the 1897 report of the bacteriological committee in order to 
exclude from it those features not found to be of general service and, 
- ee time, include such new matter as later developments in- 

icated. 

A significant point was raised as early as 1897 when bacteriological 
standards were mentioned for the first time. This called attention to 
the provisional nature as well as the need for flexibility in application 
of any such standards. The committee preparing this report indi- 
cated that the methods proposed were not the only useful methods, or 
the best for application in any given case. Rather, since it encouraged 
the professional people to think of these recommendations as pro- 
visional, a good part of the reason for publishing them resided in the 
hope that it would direct attention to the urgent need then existing for 
full and accurate descriptions of the species of bacteria determined 
by methods shared among competent workers, and thus lending them- 
selves to easy verification. This approach, adopted in 1897, is still 
considered to be a sound basis for attempts to obtain reproducible 
information on environmental health matters. It can, for example, 
be applied in principle to analysis of the concentration of radioiso- 
topes in the various media as they affect both the environment and 
man. 

Although we cannot dwell at great length on the matter of other 
special standards in the environmental field, this should not prove to 
be a serious defect in the presentation, since such standards are devel- 
oped in much the same way. However, some special consideration 
should be given to the standardization of milk because of the early rec- 
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ognition that milk could act as a vehicle for the transmission of certain 
important diseases. This interest was brought about by the increase 
in scientific information about bacteria and their role in causing 
epidemics of various diseases. Milk was found to be responsible in 
many cases. The records compiled by Trask, Hart, Busey, and Kober 
showed that between 1860 and 1895, 195 epidemics of typhoid fever, 
99 of scarletina and scarlet fever, and 31 of diphtheria, had been re- 
ported as caused by milk. The Public Health Service began to play 
a part in those investigations in 1896. 

he 20-year period between 1890 and 1910 can be considered a 
transitional period with respect to milk sanitation and milk inspection. 
During this period, most of the States and larger cities enacted regu- 
latory milk laws. Two methods of obtaining safe milk which proved 
to have a profound influence on the dairy industry and regulatory 
sanitary laws were introduced during this period. “The first involved 
certified milk production, and the second, pasteurization. The de- 
mand for certified and pasteurized milk was started by the medical 
profession, at pet pre to supply safe milk for infant feeding. 


In 1951, Schroeder (9), in calling attention to the trend of milk 
ordinances, wrote : 


The sum total of all these regulatory efforts has operated to surround the 
production and handling of milk with a great system of physical requirements 
in farm, plant, and bottle, specifications for barns, amount of air space per 
cow, design and equipment of milkhouse, etc., size and design of bottle cap, 
size, style and coloring of lettering, strength of detergents used in plants, etc. 
About 20 years ago more or less, we ceased to have milk-borne epidemics in com- 
munities where an active health department was empowered to apply widely 
recognized principles of milk sanitation. 


The milk ordinance and code recommended by the Public Health 
Service is a good indicator of how an official agency proceeds to de- 
velop this type of standard. The latest edition of that code, Septem- 
ber 1, 1952, is the 12th to be produced since the original one in 1924, 
It is not a product of the Public Health Service alone. Like preced- 
ing editions, it has been developed with the assistance of the Public 
Health Service Milk and Food Sanitation Advisory Board, the U.S. 
Department of Agriculture, the Federal Food and Drug Administra- 
tion, State health and agriculture departments, local health depart- 
ments, the dairy industry, educational institutions, and individual 
milk sanitarians. Careful consideration has been given to all pro- 
posals for changes offered by official agencies, industry, and others. 

The principal measurable index used in the Public Health Service 
milk code is the bacterial content. 

The reasons for the recommended examinations and tests related to 
bacterial counts have been stated as follows: 


It is widely accepted that the bacterial count of milk and certain milk prod- 
ucts is an index of the sanitary quality. A high count does not necessarily 
mean that disease organisms are present, and a low count does not necessarily 
mean that disease organisms are absent; but a high bacterial count does mean 
that the milk has come from diseased udders, or has been milked or handled 
under undesirable conditions, or has been kept warm enough to permit bac- 
terial growth. This means, in the first two cases that the chances of infection 
have been increased, and in the last case, that any bacterial contamination 
which may have reached the milk has been permitted to increase to more 
dangerous proportions. In general, therefore, a high count means a greater like- 
lihood of disease transmission. On the other hand, a wrong interpretation of 
the significance of low bacterial counts should be avoided, since low-count milk 








eos Sev 


| 


RADIATION PROTECTION CRITERIA AND STANDARDS 27 


can be obtained from cows with brucellosis or tuberculosis, or can have been 
handled by typhoid carriers or under unclean conditions. 

When coliform organisms are found in pasteurized milk, it is usu- 
ally an indication of contamination after pasteurization. ‘Therefore, 
the phosphatase test is used to measure the efficiency of the pasteuriza- 
tion process. 

For these reasons the code provides that the health officer shall 
examine a specific number of milk samples from each dairy farm and 
from each milk plant during a 6-month period. Therefore, bacterial 
plate counts, direct microscopic counts, coliform determinations, phos- 
phatase tests, efficiency of bacterial final treatment, and other labora- 
tory and screening tests shall conform to the procedures in the latest 
edition of “Standard Methods for the Examination of Dairy Prod- 
ucts” recommended by the American Public Health Association. 
Thereafter, the code provides for the grading of milk on the basis 
of the bacterial and coliform standards quoted below: 


Bacterial and coliform standards established by sec. 7 for milk and milk 
products * 


Raw milk and cream for 


pasteurization as de- Pasteurized milk and milk products 
livered from the farm 


Logarithmic Not more 


Grade average? } Logarithmic than 1 of 
plate count, average 2 Logarithmic average? the last 4 
or direct plate count plate count per ml. not coliform 
microscopic | per ml. not to exceed— counts per 
clump count | to exceed— ml. to 
per ml. not exceed— 
to exceed— 





Milk, cream, 
Milk and Cream, half | half and half, 
ete, 


Milk Cream milk products} and half 
A ccseintcicwnnutibigkgtplancteigaiindl 200, 000 400, 000 30, 000 60, 000 10 
Tiva-ssesinenuupieepaaeenreiimadnel 1, 000, 000 2, 000, 000 50, 000 100, 000 10 
Qos sei bhi wcthscanibbadabens ® @) ® ® ® 


1 These standards apply to all milk products except cultured milk products (sour cream, buttermilk, 
cultured buttermilk, cultured milk, cottage cheese, creamed cottage cheese, etc.) 


? Logarithmic average of last 4 samples. Municipalities substituting a compliance standard of 3 out 
a ene shall utilize the same bacterial limits, 
NO limit, 


While merely illustrative this system of grading indicates the general 
procedure by which examinations are used as a basis for quantitatively 
establishing standards and grading the milk supplies. Later in the 
code, specific directions are given for enforcing the grading system and 
where necessary, removing the milk from the market. 

As of September 1, 1952, the milk ordinance and code recommended 
by the Public Health Service had been adopted by 1,542 municipalities 
and 397 counties. In addition, it serves as a basis for the State law or 
regulations of 34 States and 2 territories. It is used also as a stand- 
ard for milk served on interstate carriers and has been incorporated 
into Federal specifications. In general, the provisions of the Public 
Health Service milk code cover permits, labeling, inspection of dai 
farms and milk plants, examination of milk and milk products, grad- 
ing of milk and milk products, future dairies and milk plants notifi- 
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cation of disease, procedures when infection is suspected, and certain 
administrative provisions. 

Other standards in the health field designed for general application 
have evolved in a similar manner: the first step being taken voluntar- 
ily by interested groups in the special field, followed by the appoint- 
ment of expert committees to explore the subject matter to ascertain 
how uniform standards may be developed and applied, and finally, rec- 
ommendations offered for the sanction of the parent body. This, then, 
may become a code, with enactment into law usually coming later when 
experience indicates a necessity to place the legal machinery of gov- 
ernment behind the standard. 

While legal encodement is common in the process of public health 
standardization, many other practices are continued on a voluntary, 
self-regulated basis because of the flexibility which this allows. For 
example, the American College of Surgeons, an affiliate of the Amer- 
ican Medical Association, prescribes standards for surgical care and 
treatment in hospitals. Only those hospitals are placed on the 
college’s approved list which are found to meet the required standards. 
The American Hospital Association also rates by certain criteria 
the type of facilities offered, the quality of care, and the things it 
believes is needed by a hospital in order to perform certain func- 
tions effectively. At the same time, the law often takes recognition of 
standards developed by professional groups. 

It is evident that many organizations, nonofficial and official, par- 
ticipate in the work of health standards. Although there are many 
voluntary professional groups whose interests touch in one way or 
another on the subject, two of them—the American Medical Associa- 
tion and its affiliates, and the American Public Health Association— 
can be given particular mention because of their long history of activ- 
ity in the field. The few examples given indicate their continuous 
leadership in calling attention to important health problems. 

It is also evident that the various official agencies, Federal, State, 
and local, have long been active in the advancement of improved 
health standards. This follows as a result of their legal responsibil- 
ities respecting legislation and the promulgation of rules and regula- 
tions. It is also expected that leadership be displayed by them in 
the form of an association with voluntary health organizations and 
other organized public interests, for the sake of developing the best 

ossible uniform health standards. On the Federal level, the U.S. 

ublic Health Service has developed as the principal public health 
agency in the broadest sense of that special term. Other agencies, 
however, are also concerned in the directions of their special respon- 
sibilities. Some examples of these are: the Bureau of Mines in the 
Department of Labor; the Department of the Interior; the Depart- 
ment of Commerce; the Department of Agriculture; and others, in- 
cluding the Atomic Energy Commission with its special —_ 
responsibilities for health and safety in the atomic energy field. 
These responsibilities and activities are more completely deebeibied 
elsewhere in documents available to the Con ’ 

In addition, the States in accord with their primary responsibilities 
for the health of their citizens have functioned effectively in the de- 
velopment and application of health standards, especially through the 
Association of State and Territorial Health Officers. Likewise, local 
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governments, with their responsibility for formulation and enforce- 
ment of rules and regulations in their particular situation, based on 
gueclinee established by the health laws of their respective States, 
1ave contributed much because of their daily contacts with practical 
application of standards in the field, 

his gradual merger of common interests on the part of private 
and public groups parallels somewhat the workings of the common 
law. The development of the common law probably best illustrates 
the work of standardization, in that it is the one civilized institution 
that approaches most closely that of natural process. In its unfolding, 
it displays a gradual growth in the consensus of opinion respectin 
conduct on the whole. Being a slowly acquired body of standardiz 
conduct, it is never the work of one group alone. Owing tothe rapidit 
of modern developments, however, one cannot await the results of wt 
a gradual process. Therefore, a substitute is sought through the con- 
vening of a group of experts representing the interests involved in the 
hope of accelerating the process of standardization. 

t is our hope that by pursuing the matter diligently, and with the 
due degree of consciousness and intelligence, the final product will have 
the same qualities as the common law. 

Therefore, by putting the question in its historical perspective, we 

ain a more distinct notion of how health standards have come to be 
incorporated in the whole body of public health and medical prac- 
tices, issuing in a series of standards and criteria in the form of in- 
dividual procedures, rules, regulations, codes, and laws. In this way, 
we have come to possess effective operational guidelines in various im- 
portant areas of health work: air, water, wastes, and other disease 
vectors in the environment; the general area of the communicable 
diseases ; and the many program operations of importance to personal 
health, such as occupational health, housing, accident prevention, 
nutrition, the chronic diseases, and many others. 


Ill, THE PROBLEM OF BIOMEDICAL STANDARDIZATION IN THE FIELD OF 
IONIZING RADIATION EFFECTS 


A. The new perspective introduced by modern physics 


In the foregoing pages, a brief glimpse was taken into the history 
of standards development. The characteristics of an ideal standard 
listed there, i.e., uniformity, permanency, and universality, are found 
in the natural world to the extent that human formulations of natural 
laws discloses them. That is to say, as we discover the way in which 
matter is ordered, it is found to contain a certain uniform durabilit 
within the universal context in which it exists. The studies on which 
such discoveries are based might be considered to fall within the pro- 
vince of pure science which, in certain cases, at least is concerned with 
the internal relations of the factors which combine to realize its 
identity, regardless of the environment in which the particular form of 
matter exists. 

Without pretending to know anything about theoretical physics 
or its excursions into the fundamental atomic physics field, it appears 
to the writer that it is this type of understanding which has been 
gained during the modern investigations of the interior of the atom. 
This is quite a different thing than the situations in the biological 
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cation of disease, procedures when infection is suspected, and certain 
administrative provisions. 

Other standards in the health field designed for general application 
have evolved in a similar manner: the first step being taken voluntar- 
ily by interested groups in the special field, followed by the appoint- 
ment of expert committees to explore the subject matter to ascertain 
‘how uniform standards may be developed and applied, and finally, rec- 
ommendations offered for the sanction of the parent body. This, then, 

may become a code, with enactment into law usually coming later when 
experience indicates a necessity to place the legal machinery of gov- 
ernment behind the standard. 

While legal encodement is common in the process of public health 
standardization, many other practices are continued on a voluntary, 
self-regulated basis because of the flexibility which this allows. For 
example, the American College of Surgeons, an affiliate of the Amer- 
ican Meclical Association, prescribes standards for surgical care and 
treatment in hospitals. Only those hospitals are placed on the 
college’s approved list which are found to meet the required standards. 
The American Hospital Association also rates by certain criteria 
the type of facilities offered, the quality of care, and the things it 
believes is needed by a hospital in order to perform certain func- 
tions effectively. At the same time, the law often takes recognition of 
standards developed by professional groups. 

It is evident that many organizations, nonofficial and official, par- 
ticipate in the work of health standards. Although there are many 
voluntary professional groups whose interests touch in one way or 
another on the subject, two of them—the American Medical Associa- 
tion and its affiliates, and the American Public Health Association— 
can be given particular mention because of their long history of activ- 
ity in the field. The few examples given indicate their continuous 
leadership in calling attention to important health problems. 

It is also evident that the various official agencies, Federal, State, 
and local, have long been active in the advancement of improved 
health standards. This follows as a result of their legal responsibil- 
ities respecting legislation and the promulgation of rules and regula- 
tions. It is also expected that leadership be displayed by them in 
the form of an association with voluntary health organizations and 
other organized public interests, for the sake of developing the best 

ossible uniform health standards. On the Federal level, the U.S. 

ublic Health Service has developed as the principal public health 
agency in the broadest sense of that special term. Other agencies, 
however, are also concerned in the directions of their special respon- 
sibilities. Some examples of these are: the Bureau of Mines in the 
Department of Labor; the Department of the Interior; the Depart- 
ment of Commerce; the Department of Agriculture; and others, in- 
cluding the Atomic Energy Commission with its special a 
responsibilities for health and safety in the atomic energy field. 
These responsibilities and activities are more completely described 
elsewhere in documents available to the Con j 

In addition, the States in accord with their primary responsibilities 
for the health of their citizens have functioned effectively in the de- 
velopment and application of health standards, especially through the 

Association of State and Territorial Health Officers. Likewise, local 
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governments, with their responsibility for formulation and enforce- 
ment of rules and regulations in their particular situation, based on 
gueetines established by the health laws of their respective States, 
nave contributed much because of their daily contacts with practical 
application of standards in the field, 

his gradual merger of common interests on the part of private 
and public groups parallels somewhat the workings of the common 
law. The development of the common law probably best illustrates 
the work of standardization, in that it is the one civilized institution 
that approaches most closely that of natural process. In its unfolding, 
it displays a gradual growth in the consensus of opinion respectin 
conduct on the whole. Being a slowly acquired body of standardiz 
conduct, it is never the work of one group alone. Owing tothe rapidit 
of modern developments, however, one cannot await the results of aa 
a gradual process. Therefore, a substitute is sought through the con- 
vening of a group of experts representing the interests involved in the 
hope of accelerating the process of standardization. 

t is our hope that by pursuing the matter diligently, and with the 
due degree of consciousness and intelligence, the final product will have 
the same qualities as the common law. 

Therefore, by putting the question in its historical perspective, we 
gain a more distinct notion of how health standards have come to be 
incorporated in the whole body of public health and medical prac- 
tices, issuing in a series of standards and criteria in the form of in- 
dividual procedures, rules, regulations, codes, and laws. In this way, 
we have come to possess effective operational guidelines in various im- 
portant areas of health work: air, water, wastes, and other disease 
vectors in the environment; the general area of the communicable 
diseases; and the many program operations of importance to personal 
health, such as occupational hes Ath, housing, accident prevention, 
nutrition, the chronic diseases, and many others. 


Ill, THE PROBLEM OF BIOMEDICAL STANDARDIZATION IN THE FIELD OF 
IONIZING RADIATION EFFECTS 


A. The new perspective introduced by modern physics 


In the foregoing pages, a brief glimpse was taken into the history 
of standards development. The characteristics of an ideal standard 
listed there, i.e., uniformity, permanency, and universality, are found 
in the natural world to the extent that human formulations of natural 
laws discloses them. That is to say, as we discover the way in which 
matter is ordered, it is found to contain a certain uniform durability 
within the universal context in which it exists. The studies on which 
such discoveries are based might be considered to fall within the pro- 
vince of pure science which, in certain cases, at least is concerned with 
the internal relations of the factors which combine to realize its 
identity, regardless of the environment in which the particular form of 
matter exists. 

Without pretending to know anything about theoretical physics 
or its excursions into the fundamental atomic physics field, it appears 
to the writer that it is this type of understanding which has been 
prned during the modern investigations of the interior of the atom. 

his is quite a different thing than the situations in the biological 
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sciences which we have been discussing. There, we can afford to 
remain in ignorance of some of the finer details of the internal proc- 
esses operating within offending agents like bacteria and chemicals. 
Although we will gain a great deal through the eventual understand- 
ing of those processes, we can still understand them quite well by their 
demonstrable effects onthe human. In this case, they have been shown 
to interact, at least on the biochemical level, on some comparable scale 
of magnitude of the interacting units. 

The impact of ionizing radiation on living tissue is quite different, 
because the scales of magnitude of the interacting systems are greatly 
different. This is so because of the enormous energies possessed by the 
electromagnetic waves and the subatomic particles which comprise 
ionizing radiation, compared to the molecular systems of living tissue 
with which the exchange takes place. This fact automatically renders 
the subject much different and, hence, understanding more difficult. 
Since it is important that we attempt to overcome that difficulty, we 
mie look briefly at some of the things that prevent that under- 
standing. 

It has been pointed out earlier in this paper that biological sciences 
like medicine and public health are forced to assume results from the 
other basic sciences for development of its own standardized proce- 
dures. While it is probable that comparatively little was borrowed 
from the classical physics, it is safe to say that the philosophy the 
latter engendered, including a rather strong belief in determinism, 
influenced these biomedical disciplines, as it did other institutions in 
society, even large political systems. In its most extreme inter- 
pretation, it iedteiend tha belief that for every effect, there should be 


a single cause, a belief giving quite a mechanistic flavor to much of 


philosophy to which science has recourse when better answers to its 
problems do not exist. 

One could work well in certain fields of medicine and public health 
within the framework of such a belief. This was shown during the 
period of search for the causes of disease, notably those of communi- 
cable origin. Here, there existed the fortunate circumstance that 
investigators could work within a part of the spectrum where the 
events were directly interconnected and lent themselves to effective 
elucidation. 

The successes achieved in that area of endeavor did little to disprove 
the notion and, as a matter of fact, reinforced it. 

But in carrying this outlook to other areas of these sciences, the 
results were not always as good. Thus, the theory of behaviorism 
was designed to assure a certain result; and in the field of genetics, 
as another example, with its emphasis on the repetitive pattern of the 
genes, there issued the conclusion that one could only become resigned 
to the results. These are only two examples of the defects in the 
approach, the principal ones appearing to be those brought about by 
a deficiency in a more exact understanding of the role of the environ- 
ment. 

With the advent of nuclear physics and the pattern of relationships 
disclosed there, the distinction between cause and effect has become 
blurred, but this has been offset by the demonstration of the essential 
interconnectedness of natural events. This is pertinent to public 
health because of its interest in any fresh point of view which will 
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help to better assess the interaction of environmental agents with that 
of living things in it. . 

If we are interpreting correctly the meanings conveyed through 
the findings of modern physics, we are forced to conclude that the vari- 
ous entities in this complex exist in some sort of dynamic equilibrium 
rather than as a series of static forms. This should influence public 
health in directing its investigations and procedures. As the geneti- 
cists are beginning to discover, for example, the genes enter into this 
complex environmental interaction in ways not entirely clear, but at 
least fortified with some good evidences that the correct trail is being 
followed. In the same way, a study of the various biomedical prob- 
lems will be concerned with comparable variations in perspective, since 
the list of illustrations already can be greatly extended. This change 
in perspective is important. A great distance must be traveled in 
moving from that part of the spectrum representing the atom with 
its own particular set of laws, to that of man operating within the 
framework of another. As Jeans (10) and others have pointed out, it 
is not so much that these laws are different, as it is a matter of varying 
emphasis of the same laws. Now, for example, if one repeats Galileo’s 
test of gravity, as high school science students are still called on to 
do, he would note the descent of a metal ball to be more rapid than 
that of a feather in air. The metal, of course, will descend much more 
rapidly because the law of gravity is the more important influence, 
requiring only a small correction for air resistance; while in the 
case of the feather, the law covering air resistance is all-important. 
The point of all this is concerned with the need to keep matters within 
their proper perspectives until such time as scientific advances bridge 
the gap between them and permit a final grand perspective which 
takes all into account. 


B. Sout eae problems in radiobiology which make standardization 
i t 

_ Speaking now of the understanding governing the effects of radia- 
tion on living matter, one might proceed to do this through certain 
steps. Some of these have already been taken. They have resulted in 
a good general understanding of the effects of high dose levels, as 
well as some of those in the intermediate dose range. Because of the 
complexities noted earlier, however, we encounter difficulties in un- 
derstanding effects in the range below the aforesaid levels. 

As Powers (11) as well as others have pointed out, in speaking of the 
peculiar nature of radiation, our sensory apparatus is unable to detect 
the presence of ionizing radiation in any of the ranges. It causes no 
pain, and even with fatal dosages there is no immediate reaction to 
them in the ordinary sense of that adjective. For doses within ranges 
known to have any effects at all, these are delayed—about 10 years 
for the radium-dial painters. Therefore, permanent effects may be 
brought about before there is any awareness of the need to adjust one’s 
environment. Consequently, the perspective in which this problem 
must be viewed is much different than it is for any other health prob- 
lem of which we have knowledge. Therefore, there is a need to be 
oan in drawing analogies to other systems involving health 
effects. 

Perhaps the starting point where one might begin to study ways 
to develop practical standards resides in the area of natural back- 
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ground radiation. On this, it seems a safe assumption that the race, 
having evolved within a certain level of ionizing radiation, reached 
an equilibrium which allowed the evolutionary development of the 
species to proceed in an orderly way. Therefore, one might next 
attempt an evaluation of proposed increases by way of manmade ex- 
posures against this natural background in order to test how far its 
limits might be exceeded, while, at the same time, reasonable safety 
is maintained. It has been found, for example, that background 
levels vary by certain orders of magnitude from place to place at the 
earth’s surface. As far as one can tell, there eek no gross inter- 
ference with vital functioning in the areas where this is highest. Be- 
cause the subject is so new, however, this matter has not been studied 
intensively and, therefore, an early effort is indicated to check this 
tentative conclusion. 

In considering the orders of magnitude to be permitted beyond 
natural background, it should be pointed out that in the United States 
the average background level has already been equalled or even ex- 
ceeded, according to some estimates, by the combined total of medical 
and dental X-rays. In addition, this source has been found, at least 
in higher dose ranges well beyond natural background levels, to have 
harmful effects. These high individual dose rates were more common 
during the early days of its use, because of the need to proceed empiri- 
cally, and in the absence of the understanding which later develop- 
ments in science have provided. In recent years, one has become more 
cautious with these sources because of the discovery that genetic effects 
can be part of the picture, resulting in effects on future generations. 
Therefore, one encounters a “gap” area at the beginning of the effort 
for greater understanding. 

Among other things, this has led to a rush, as it were, to the experi- 
mental laboratory to estimate how far one can go downward in level 
of exposure before the risks become negligible in terms of either 
somatic or genetic effects. These investigations have proceeded far 
enough to indicate that such risks at these low levels can only be 
couched in statistical terms. As the matter now stands in regard to 
the effects at the lowest levels, expressed statistically, it is believed 
that these are more likely to be negligible in the area of somatic effects 
than will prove to be the case in the genetic area. 

Therefore, a difficult practical problem appears at once for those 
required to develop standards for the radiological health field. Here 
the attempt must be made to estimate what the statistical chances 
might be in terms of increases in somatic and genetic effects, if cer- 
tain increments of exposure are permitted. The total of experimental 
and clinical evidence is too slender for a satisfactory estimate. The 
basis is also difficult to develop because of the long time factor and the 
many variables which interfere with a true estimate of the clinical 
entities which could be reasonably related to radiation as a prime cause. 
Among other things, this obviously requires a number of types of 
expensive and prolonged investigations, including the epidemiological 
followup of human and animal populations in ways discussed in 
other parts of this volume. 

Since this is the case, one has to look for methods for accelerating 
the process. Moreover, the appearance of workable nuclear power 
projects, with the promises which such gives in the socioeconomic area, 
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depends on judgments at least which are more immediately available, 
if applications of its potential are not to be unduly delayed. 

In this attempt to accelerate the process of understanding, one can 
engage in retrospective studies of the experience of populations which 
have already been subject to the more traditional sources of radiation 
like the medical X-ray. This is being done, and should prove en- 
lightening in certain respects. Work can also be intensified within 
the biomedical laboratory area, where a fundamental understanding 
of the normal functionings of living cells and tissues can be sought 
as modern physicists have been able to establish fundamental relation- 
ships within the interior of the atom. This effort is now underway, 
but a “breakthrough” of the type effected in nuclear physics does not 
appear to be imminent. Some professionals regard this as necessary 
for a more complete understanding of radiation effects, if exact stand- 
ards, providing a sound basis for practical control measures, are to be 
formulated. The understanding of cancer pathogenesis, another fund- 
amental problem of importance to the public health, also depends on 
that degree of understanding. 

Therefore, patience is required because the problems involved in 
effecting that breakthrough are many. In the first place, they depend 
on the further development of the different phases constituting the 
body of procedure in science if we are to arrive at that condition of 
fundamental understanding. To summarize that process in skeletal 
form, the first phase depends on gathering considerable data from a 
variety of areas, to see what might prove pertinent and essential to 
a better understanding of the problems involved. This, therefore, 
entails fundamental research to sift out the significant data for further 
investigation, and, at the same time, determine which of the data can 
be safely ignored as nonpertinent. Next, it should be possible to 
arrange the significant details into an assigned pattern of effects based 
on such essential interconnections as may be disclosed. Despite some 
accomplishments in these areas, the work is not sufficiently advanced 
to assist more with standards development than it is now able to do. 

In the meantime, certain quantitative decisions must be made with 
the data at hand, but with a full realization of the gaps in knowledge. 
At this point, the concept of “numbers” offers considerable difficulty. 
As Eddington, I believe, reminds us, these are not to be thought of as 
“a bloodless dance of categories” (12). Actually, they are to be con- 
strued as symbolizing actual functioning entities. In some cases, they 
properly represent such well-defined entities. In even more instances 
in this field, they symbolize informed judgment. This fact should be 
well understood in any consideration of the problem and, at the same 
time, we must realize that even the best of judgment is always im- 
perfect which means we must seek a better substitute for it. 

_ The work of the laboratory for fundamental research, therefore, 
is grits essential because this will enable more exact understanding 
and judgments less difficult. Some of the needed laboratories have 
alread n established. The laboratories developed under contract 
with the Atomic Energy Commission, as well as others in university 
research centers, provide examples. In addition, however, these re- 
sources must be considerably augmented, particularly in the public 
health area where the frame of reference and the perspective in which 
it operates points out an essential area for advancement of the neces- 
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sary understanding. The intimate contact of this program with popu- 
lation groups, and the general operational pattern which ranges over 
the entire environment, enables it to be alert for leads which, upon 
further exploration, often result in important insights into health 
problems. Many such leads occur in the nature of accidental observa- 
tions in the field, with quite a few first coming to the attention of 
staff workers whose work brings them into contact with many problems 
in the field. 

Next, a significant part of the work resides in the field of precise 
measurements, especially new measurements which admit of stand- 
ardization, and which opens them to the use of other workers in the 
field. Because of the unusually sensitive nature of radiation measure- 
ments, instrumentation and methods to compare sensitivity need em- 
ployment and development. By closing the gaps in this area, activities 
in research and control can be greatly strengthened. 

In further seeking to remove the many difficulties presented by the 
radiological health problems, we might next look at the difficulties in 
communications. A good bit of this difficulty arises through problems 
of semantics. It should be clear by now why some of this is unavoidable 
in view of the complexities and novelty of the problem. This helps 
explain why professionals sometimes appear tie contradicting one 
another during appearances in the public forum. More often than not, 
these are merely apparent contradictions. The apparently conflicting 
arguments are based on the different perspectives under which different 
workers operate, although between themselves certain mutually under- 
stood interconnections are taken for granted. As a matter of fact, in 
such scientific discussions, the final result is usually a common advance 
toward a shared perspective. 

Some of the principal semantic difficulties arise during the use of 
certain terms to describe the standard units serving as measures of 
the degree of exposure to living tissues. Some of these units are pri- 
marily physical, others are biological, or at least biophysical. Others 
which still need to be perfected or newly developed should prove to be 
essentially bidohintiinat 

The need to have a physical unit like the roentgen which provides a 
measure of the ionization produced in air became obvious soon after 
the discovery of the X-ray. This source, which shortly furnished 
proof that radiation effects are delayed, was found to admit of expres- 
sion in terms of roentgens bearing a certain relationship to skin burns. 
Another physical unit, the curie, which constitutes a measure of the 
number of atomic disintegrations of radioactive material per second 
of time, was found to be OF tm when radioactive materials were taken 
into the body. The experience of the radium-dial painters, which ex- 
perience demonstrated the cumulative nature of radiation effects, 
indicated the need for a unit of this kind. 

These fundamental units have served well enough, certainly in the 
physical field, and to a certain extent in the biological field. But, owing 
to the different situation in the latter, other units derived from the 
aforementioned have had to be developed. For example, the roentgen 
is a good unit to employ in the case of soft tissue effects because the 
chemical composition of the latter is enough like air to render any dif- 
ferences between the two media negligible. This unit, therefore, served 
well in the early period, as it still does in many important respects, 
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when comparatively low-energy X-ray equipment was all that was 
used. For all practical purposes, the skeleton could be neglected be- 
cause the greater density of that substance reduced the effects from 
these weaker sources. 

With the development, however, of higher energy sources, like those 
in the high gamma range, effects could be expected in the denser struc- 
tures where the proportions of the chemical elements vary and the 
cellular arrangements take on a different pattern. 

The problem of suitable units was also intensified with the appear- 
ance of the problems engendered by the absorption of radioactive ele- 
ments like certain of the radium salts. This radioactive element, re- 
sembling calcium in its metabolic behavior, is deposited in the skeleton 
in a cumulative fashion, and because of its very long half life can be 
depended upon for a continuous emission of high energies. 

his limited the use of the roentgen and called for the development 
of new units. In so doing, the attempt was made to standardize these 
new exposure patterns in terms of the particular peng involved in 
the interaction with human body tissue. Consequently, the rad unit 
was devised in an attempt to estimate the amount of energy absorbed 
per unit of living tissue. Although necessary, this rendered the mathe- 
matical calculations more difficult than those, let us say, involved in 
measuring ionization in air. 

Next, as a variety of radioactive agents, acting over different periods 
of time and each with different energies, began to appear, there ap- 
peared a need to take into account the relative biologic effectiveness of 
each of these agents in reference to the basic roentgen unit. There- 
fore, the rem unit was devised. Although again, this proved necessary, 
the quantity of radioactivity received in the form of rems, in any one 
case, is not an easy value to calculate. The principal difficulties arise 
from the need to include many additional factors without, at the same 
time, having a precise knowledge of the individual influence of each 
one. 

Therefore, in proceeding from the comparatively well understood 
area of physical standards to those of a biological realm, each succes- 
sive stage ea more complex. This often results in difficulty in 
arriving at a common understanding because so much that is involved 
is still not understood. 


C. General comments on operating program responsibilities in the 
radiological health field = 7 

Since uniform readily instituted standards of performance are an 
essential need for conducting operations in the radiological health field, 
the several agencies, as well as certain voluntary professional associa- 
tions, require radiation protection standards as an essential part of 
their work. Other parts of the volume will contain a description of 
what the requirements are for such programs, either directly stated or 
by inference from the various activities therein described. Therefore, 
the writer will attempt to cover just » few general points respecting 
ee aespng from the vantage point of ongoing work in the radiation 

eld. 

First of all, one is impressed by the general interest in the radiologi- 
cal health field, an interest expressed in various ways by official health 
agencies, numerous professional groups, and the general public. At 
the same time, this interest inspires a number of ¢ difficult questions. 
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One question that is always difficult involves the technical, as well as 
nontechnical, explanations seeking to interpret the meaning of stand- 
ards in the best possible way. 

In the preceding pages, an attempt was made to denote the current 
meaning of a standart. One difficulty engendered in this common 
meaning resides in its connotation of relative inflexibility. There- 
fore, the appropriateness of this term needs to be reviewed because 
of the nature of the field to which it is being applied. Certainly, it 
would appear that any such guides in the radiation field intended to 
cover the low-level area of exposure, about which we know so little, 
must have a considerable degree of flexibility. This is needed to 
allow for incorporation of the new knowledge garnered, which can 
be expected to determine the final form of the standards in question. 
Without attempting to define it here, the word “criteria,” or some- 
thing like it, might be a more suitable term. A criterion connotes to 
the writer the notion of a complex which includes a number of stand- 
ard factors requiring consideration when decisions need to be made 
on matters involving radiation exposure. 

The next point concerns the desirability of uniformity and univer- 
sality, winks are informed a good standard should have. Even 
in the present unsettled condition, it is necessary that all health inter- 
ests proceed to develop uniformity in standards and procedures, both 
of which should, with few exceptions, lend themselves to uniform 
application. It appears not too much to expect comparable norms 
— eee guidance in the same way that distinguishes other health 

elds. 

At the same time, as we attempt to compare radiation problems 
with other health problems, we must not lose our appreciation of the 
important differences. Its sheer magnitude, in terms of the t 
potential for benefits as well as for some risks not yet precisely deter- 
mined, must be included in the differences. 

Nevertheless, it is believed that an administrative mechanism can 
be set up to deal with the risk. In so doing, it can consider the prob- 
lem just as it is. The health worker need not have to master the 
subject of nuclear physics to be able to deal effectively in the matter 
of minimizing radiation exposure. In this, he resembles the physi- 
cian, who need not have to master the subject of thermodynamics in 
order to properly manage cases of burns. What is needed, of course, 
is an understanding of the principles which provide the necessary 
rationale for action. 

The directions taken by other health and safety programs afford 
clues as to how general and special safeguards, designed to protect 
the groups at special risk, can be established in the radiation field. 
The special risk groups in this field include workers in atomic indus- 
try as well as the more sensitive elements of the population like the 
very young, and pregnant women. Therefore, in the attempt to 
minimize exposure, special precautions need to be exercised in deal- 
ing with such groups. The problems of new individual sources, or 
of those whose employment increases, should be managed with such 
considerations in mind. 

If one considers the probable time lag before fundamental research 
can provide an improved basis for more precise standards, it is 
doubtful that radiation protection standards will deserve the term 
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“adequacy” in the strictest scientific sense, for some time to come. 
The term is doubtful because the present standards may not only be 
too high but, also, they may be too low. As terms, “adequacy” or 
its converse, “inadequacy,” would seem more descriptive of the degree 
to which research programs and control efforts are being supported 
to provide both a better formulation of standards as well as reason- 
ably certain protection against the hazards. Finally, it would seem 
that any standards or criteria will be of a provisional nature in the 
foreseeable future. 

Next, we are concerned in the ways through which the various types 
of exposure may be managed. Although, in terms of ultimate effects, 
the sum total of exposures represents the addition of all single ex- 
posures from all sources, a good control program needs to approach 
each source in a somewhat different way. Medical and dental X-rays 
will be managed in one way; those arising in connection with nuclear 
reactors or particle accelerators in another; the management of radio- 
active waste disposal demands a somewhat different approach; and 
the management of worldwide fallout, still another. 

This leads to a consideration of the details of general population 
protection, excluding the occupationally exposed and others like lab- 
oratory workers intimately associated with radioactive sources. This 
probably represents the difficult area for standards development, as 


well as the control procedures based on them. Of necessity, we rely 
for basic criteria on those worked out for occupational exposure limits 
because the principal experience has been gained in this area. As cur- 
rently stated, the levels of permissible exposure for this group are 


considered well within those where demonstrable effects have been 
shown to occur. Since comparable experience has not been gained for 
the general population, as well as the fact that its situation is under 
less control at the same time that it contains certain sensitive elements, 
the approach by the various committees (13) on radiation protection 
has been a conservative one, to the extent of reducing the permissible 
or. limits established for workers by several degrees of magni- 
tude. 


At the same time, one must remember that large segments of these 
population groups may be getting little or no exposure. Therefore, 
public health administrators must exercise good judgment in man- 
aging control programs in the way we expect judgment to operate on 
the part of scientists developing the standards to which the general 
population shall adhere. 

uccess to meet the general population standard would seem to de- 
pend upon the establishment of built-in controls over exposure to the 
extent that official and professional groups have it within their capac- 
ity to erect. Although considerable expense might be entailed, the 
cost is not prohibitive. Even now, the numerous health and safety 
programs in other fields based on acceptable standards for public pro- 
tection, entail expenditures of hundreds of millions of dollars, as 
well as millions of man-hours of work on the part of professionals 
engaged in standards development, in program formulation, and in 
execution of them. The ways in which this might be managed in the 
radiological health field, and the problems peculiar to them, are more 
fully described in another report. 
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Another obvious need exists in the field of professional manpower 
to manage the problems of health and safety in the atomic age. With- 
out such a nucleus, program needs for hazards control, as well as for 
fundamental investigation, can hardly be met. 

Assuming that good radiation-hazards-protection programs can be 
firmly established to function in a way calculated to implement the 
recommendations embodied in standards, the next large area concerns 
the matter of deciding what kinds of standards should be adopted 
after proper balancing of the risks. In an earlier part of this account, 
it was pointed out that on questions of considerable complexity and 
involving many interests, of which that of radiological health is 
certainly one, the ultimate decisions do not depend solely, or are even 
decisively affected by, the opinions of scientists. This appears to be 
so because it is a task of society to balance out the problem of risk 
versus gain. In other words, the decision rests on the satisfactory 
answer to the question, What price can be safely accepted in order to 
on the benefit? This is a decision to be made at the highest political 

evel, a point brought out during the interpretation of the President’s 
action in establishing the Federal Radiation Council. History sup- 
ports this conclusion. 

It would take a more thorough and, of course, a more scholarly dis- 
cussion to consider the matter of risks in the thorough way that this 
important detail deserves. It only remains to point out the possi- 
bility of a variable interpretation of the concept of risk in the health 
and safety fields. Inthe examples of communicable diseases, of which 
mention has been made, it was stated that in a given situation where 
nature was permitted to follow its course, risks of disease or death due 
to certain of them could be expressed in rather precise statistical 
terms. With the better scientific understanding rendered possible 
by research, the public health and the medical professions have been 
able to reduce these statistical probabilities of undesirable events 
through calculated measures. Therefore, successful public health 
work entails an interference with the statistical probabilities of risk, 
forcing them downward. The forced decline in the epidemic diseases 
1S a Case In point. 

It might be pointed out, however, that such risks are seldom com- 
pletely eliminated in this statistical sense. The epidemic diseases con- 
tinue to exist in what are technically termed “endemic” forms, in 
readiness to reassert themselves should control programs be discon- 
tinued. Another example is found in the aoe and safety pro- 
grams of industry and on the highways. In spite of the hundreds of 
millions of dollars spent on such efforts, over 100,000 accidental 
deaths occur each year, as well as even more numerous cases of serious 
injury. 

Then there are certain areas, as this paper has pointed out, where— 
for what are probably a number of emotionally tinged reasons—there 
appears to be a reluctance to take formal steps toward solving the 
problems. This was found to be true in the case of human experi- 
mentation, in spite of the existence of this practice in one form or 
another during the 2,500 years of medical history. As yet, the field 
of jurisprudence has not prescribed a legal code for the conduct of 
this practice, but rather appears to have skirted the issue. In such 
a connection, the extent to which another subject of great complex- 
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ity—the field of ionizing radiation—will be the object of deferred 
decisions, although for somewhat different reasons, remains to be seen. 

While these decisions are being made, recognizing that some must 
remain subject to deferment before a reuntnah ty oot lete formulation 
be possible, there is no need to delay development of the control pro- 
gram pending final formulations. For one thing, the concept of 
risks is not new to public health philosophy and practice and can be 
refined as experience is gained during the course of public health 
procedures. Success in minimizing exposure cannot fail to be of 
benefit regardless of where the standards ultimately find themselves. 
Any public health standard has as its raison d’etre the proper guid- 
ance of program activities, and more properly should be regarded as 
criteria upon which to base control actions. The continuous review 
and revisions of standards governing public health practice indicate 
that none of them can be rigid and inflexible. This arises from the 
nature of what such are: a reflection of the state of scientific knowl- 
edge and the results in practice. 

The special nature of radiation appears to require an adoption of 
the concept of graded risk. This follows because the erection of 
radiation protection standards requires taking into account the cumu- 
lative nature of radiation effects exerted over long periods of time. 
This represents a departure from the usual point of view that ordi- 
narily prevails in such fields as toxicology. The action of most in- 
jurious chemicals, for example, can be related to true thresholds; 
that is to say, at least true in the sense that even should some effect 
occur below the indicated threshold, this is believed safe to disregard 
on the grounds of negligibility. Moreover, such thresholds appear 
more susceptible to precise measurement than happens to be the case 
in the radiation field, where, in certain scientific circles, at least, the 
existence of any true threshold is denied. 


Iv. SUMMARY AND CONCLUSIONS 


Throughout recorded history, the matter of standardization has 
proved a leading concern in virtually all institutions of organized 
societies. The rulers of nations, and officials working under their di- 
rection, have participated actively in the establishment and enforce- 
ment of standards of various types. This has included the overseeing 
of standardization based on scientific measurements and procedures 
= the standards proved to be of general applicability in public 
affairs. 

National leaders, during the early history of the United States, fol- 
lowed in this tradition by encouraging the development of standards 
for weights and measures. John Quincy Adams stated that standards 
should be characterized by uniformity, permanency, and universality. 

From its very simple beginnings, several thousand years ago, the 
field of standards has broadened to one of considerable complexity. 
It has resulted in the need for pursuing an intricate process of stand- 
ardization similar to that of any other specialty. This process now 
involves the establishment of standards of a type by which the extent, 
quality, value, performance and service of any important activity 
may be judged. 

Standards in the various scientific fields share with those of other 
endeavors a common origin represented by the early attempts to es- 
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tablish weights and other simple measures. With progress in the 
discovery of natural laws, the types of standards necessitated by 
such discoveries have increased greatly in number and complexity. 
All, however, are found to depend upon three fundamental measure- 
ments—length, mass, and time, with the other units derived from them. 

The fields of medicine and public health utilize some of the more 
complex standards. This complexity is brought about by the need to 
coordinate scientific knowledge and practices based upon it, with the 
value systems of various groups of the society which these disciplines 
serve. Standards in these fields developed a little later in the history 
of modern science than they did in other sciences like physics. 

The first modern health standards to appear were probably those 
developed from the progress made in the correct categorization of 
diseases. Through this application of the scientific method, a repro- 
ducibility of diagnostic results was thereby rendered possible. With 
an increase in the understanding of the role of environmental vehicles 
of disease transmission, plus contributions in the field of therapy, 
reproducible results revolving around the applications of useful stand- 
ards helped make possible the significant conquest of the commu- 
nicable diseases. 

The health disciplines have been able to progress in other areas as 
well. Health and safety standards, designed to provide a proper base 
of operations for noncommunicable disease hazards in the environment, 
like those issuing in fatal accidents and injuries, have also been evolved 
to a high degree, followed in many cases by striking results. 

The scientific community, which began with national efforts, grad- 
ually extended itself to the international area. By virtue of this 
common concern with effective standards, there has now evolved a large 
and varied body of universal standards for the better management 
of health problems of man. 

However, many difficult and complex areas remain in the health 
field, in part due to the special relationships and intimate connections 
with activities in other fields operating within the general fabric of 
society. 

estiatSnan of these complexly interwoven problems range from 
the problems of proper standards respecting human experimentation 
where final legal decisions still remain to be made, to standardization 
problems in the complex areas arising out of the advanced technologies, 
of which the field of radiation protection standards is one. Nor have 
scientists been accepted by society as the final arbiter for decisions on 
certain complex problems respecting health standards. 

Modern science, in creating new ways of looking at the universe 
in which man finds himself, has only added to the problems of stand- 
ardization, a matter, which until lately, was a more easily conducted 
process. For one thing, it has enlarged the hiatus between modern 
scientific understanding and that of the general public. Asa result of 
this, as well as other factors, standardization in certain fields continues 
in an unsettled state. eS 

This paper has reviewed some of the difficulties in radiation 
protection standards formulation. Some of the problems briefly re- 
ferred to include: the need for better understanding of the new per- 
spective introduced by the discoveries of modern physics; the special 
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nature of radiation phenomena with the aforesaid perspective derived 
from its importance to understanding of the environment ; the semantic 
difficulties introduced through a necessity to describe the phenomena 
in terms proper to work in the field, but still removed from general 
professional and public understanding on account of the traditional 
modes of operation; and the forced reliance on expression of risks in 
special statistical terms, depite some important uncertainties arising 
from the gaps in knowledge which only time can be expected to correct. 

Despite all this, one can safely conclude that program operations 
need not be delayed because of such difficulties in modern technological 
areas like the radiation field. The historical review, at least by impli- 
cation, indicates that programs proceeded with good results during the 
early stages of other modern public health problems. Successes began 
to appear when only a few things about the offending agent were 
known, accompanied by reliance on empirical procedures to fill in the 
gaps while awaiting elucidation of such matters by scientific investi- 
gations. 

The feeling is expressed here that the ideals of uniformity, perma- 
nency, and universality might be sought in standardizing the radia- 
tion field, if these attributes are reasonably interpreted and in full 
realization that many standards must necessarily represent tentative 
formulations. 

Therefore, the characteristic of flexibility must be added to this 
list of attributes for any health standard, since the history and philos- 
ophy of science indicate any health standard or criterion can seldom 
be without it. This flexibility has singularly characterized the formu- 
lation of the common public health standards as the foregoing account 
attempts to show. Finally, a study of their formulation indicates a 
pattern worthy of consideration for other standards development, a 
pattern denoting a process of joint thinking in which both nonpublic 


and public representatives in the particular field of interest play 
prominent parts. 
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AN INDUSTRIAL HYGIENIST VIEWS RADIATION 
PROTECTION CRITERIA 


(By W. B. Harris, Director, Environmental Sciences Division, Health 
and Safety Laboratory, U.S. Atomic Energy Commission) 


The Health and Safety Laboratory of the U.S. Atomic Energy 
Commission has a dual function in the field of radiation protection. 
One part of this function is to act as advisers to the New York opera- 
tions office of the Atomic Energy Commission and to guide the New 
York operations office in all matters pertaining to the health and safety 
of their contractor operations. This function is basically derived from 
the U.S. Atomic Energy Commission Manual chapters. The functions 
of the Health and Safety Laboratory in this area cover a wide spectrum 
of disciplines, including industrial hygiene, health physics, safety and 
fire protection, nuclear safety and reactor safeguards, and solid, liquid, 
and gaseous waste disposal. In order to carry out this function the 
criteria which are used for providing maximum protection in the field 
of radiological health are those which have been adopted by the various 
committees designated to perform such functions, such as the National 
Committee on Radiation Protection and the International Commission 
on Radiation Protection. Where data provided by these committees 
is deficient, use is made of regulations which have been written by the 
International Atomic Energy Agency and other similar organizations. 
In general, the criteria expressed in the U.S. Atomic Energy Commis- 
sion Manual chapters are followed exclusively. 

In addition to the above responsibilities, the Health and Safety 
Laboratory carries on a second responsibility which is to the appro- 
priate Washington divisions. This is fundamentally under the 
Assistant General Manager for Research and from him through the 
Division of Biology and Medicine and the Division of Reactor 
Development. This function has to do with the thorough investiga- 
tion of field conditions in various Atomic Energy Commission con- 
tractor establishments and on the basis of these investigations to 
provide a definition of the conditions existing throughout the industry. 
One set of major industries which have been investigated to date are 
those involved in the milling and processing of uranium ore, the refining 
of uranium, preparation of uranium fuel elements, beginning from 
gaseous UF; or from metal, and the reprocessing of enriched uranium 
scrap materials. Another area of interest has been the beryllium 
industry which has been studied over a period of approximately 12 
years. A third major area of interest has been the investigation of 
conditions in and around high energy particle accelerators. A fourth 
area of interest has been the handling of all sea disposal of waste 
materials from Atomic Energy Commission contractors in the north- 
eastern part of the United States. In addition to the above, a con- 
siderable amount of work has been done by the Health and Safety 
Laboratory in the field of background radiation measurement. 
Another area, which is somewhat disconnected from the above, has 
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been the Laboratory’s very significant contribution in the field of the 
detection and measurement of fallout from nuclear weapons debris. 

On the basis of the scientific backgrounds of many of the people in 
the Laboratory and on the basis of the experience which has been 

ained during the past 12 years of operation, the point of view of the 

aboratory is significantly different from that which is held by many 
of the Atomic Energy Commission contractors. This point of view 
can best be described as being an industrial rather than a laboratory 
outlook regarding hazard. On the basis of this, the point of view 
which will be expressed in the document herewith being presented will 
probably be considerably different from that generally held by work- 
ers in the field of radiological health protection. It is the general 
philosophy of the Laboratory that there is very considerable scientific 
pressure to reduce standards of radiologic protection and that because 
of the many scientists holding such a point of view this is largely being 
followed. It is further the point of view of this Laboratory that such 
a philosophy is somewhat like being against sin. On the other hand, 
the Laboratory believes that it is useful and progressive for some 
responsible people to place pressure in the other direction. It is by 
and large the Laboratory’s believe that the interest of the Nation as 
a whole can best be served if pressure can be exerted in the direction 
of maintaining standards for radiation protection that are consistent 
with the standards that have been derived for other types of health 
presen, and that the placement of radiation protection above and 

eyond the pale merely serves to increase psychological pressure to 
continue to reduce maximum permissible concentrations and maxi- 
mum permissible doses. It is the belief of the Laboratory that this 
trend should and must be reversed, and toward this end this document 
has been prepared. 

In a statement prepared in 1959, the American Industrial Hygiene 
Association gives a definition of the term “industrial hygiene.’”’ This 
definition obviously can be extended to cover any group engaged 
basically in the protection of human health as it applies to occupational 
environments. The statement is: 

Industrial hygiene is that science and art devoted to the recognition, evaluation 
and control of those environmental factors or stresses arising in or from the work 
place which may cause sickness, impaired health, or well-being, or significant dis- 
comfort or inefficiency among workers or among the citizens of the community. 

The statement further goes on to state that the industrial hygienist 
must be in a position (1) to recognize the environmental factors and 
stresses associated with work and work operation, and to understand 
their effects on man and his well-being; (2) to evaluate, on the basis 
of experience and with the aid of quantitative measurement tech- 
niques, the magnitude of these stresses in terms of ability to impair 
man’s health and well-being; and (3) to prescribe methods to eliminate, 
control, or reduce such stresses when necessary to alleviate their 
effects. The statement proceeds further to lay down specific func- 
tions which are attributed to the industrial hygienist, and makes it 
very clear that the industrial hygienist has, in addition to the pro- 
tection of the health of people in and around the plant environment, 
the basic objective of insuring that the operation which is causing 
the stress on the individual be operated economically. In other words, 
when the responsibility of an individual engaged in health protection 
is defined, one discovers a dual responsibility. First, to insure that 
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the health and/or well-being of the individual in no way be impaired, 
while at the same time insuring that the operation continues. If the 
first specification is impossible without discontinuing the operation 
and removing it from the industrial scene, then of course this is the 
action which must be taken. However, it is the fundamental respon- 
sibility of the health protection engineer to discover means by which 
the operation may be safely carried on, while at the same time insure 
that it be done economically. This is the great value, and at the same 
time the tremendous responsibility, of the health protection engineer. 
Making an operation safer and ever safer is easy; making it safe and 
economical is the problem. _ : 

When one speaks of criteria or standards for protection against a 
hazard, this too has been defined. The American Conference of 
Governmental Industrial Hygienists in the introduction to their list 
of maximum permissible concentrations states: 

The following values are given for the maximum average atmospheric concentra- 
tion of contaminants to which workers may be exposed for an 8-hour working day 
without injury to health or well-being. These values are based on the best availa- 
ble information from industrial experience, from experimental studies, and when 
possible, from a combination of the two. They are not fixed values but are re- 
viewed annually by the committee for changes, revisions, and additions as further 
information becomes available. These limits should be used as guides in the 
control of health hazards and should not be regarded as fine lines between safe and 
dangerous concentrations. They represent conditions under which it is felt that 
workers may be repeatedly exposed, day after day, without adverse effects on their 
health. The figures listed refer to average concentration during an 8-hour working 
shift rather than a maximum which is not to be exceeded even momentarily. The 
amount by which these figures may be exceeded for short periods during the 
workday depends on a number of factors such as the nature of the contaminant, 
whether very high concentrations even for short periods produce acute poisoning, 
whether the results are cumulative, the frequency with which high values occur, 
and for what periods of time. All must be taken into consideration in arriving 
at a decision to whether a hazardous situation is deemed to exist. 


In other words, industrial practice over the last 50 to 75 years has 
worked out a method of operating in hazardous atmospheres which by 
and large has proved to be reasonably successful. It is true that one 
cannot say that operating within these standards has resulted in no 
injury, because occupational injuries do occur. However, when in 
the course of such operations injury does occur, responsible individuals 
review the data and revise the standards. For a specific example, in 
1940 the maximum permissible concentration for benzol in the atmos- 
phere was 100 parts per million. Experience working at this level 
showed that individuals exposed to this concentration were somewhat 
damaged. No overt physical symptoms resulted, but a reduction in 
red blood count was noted. As a result of this the concentration was 
lowered to 50 parts per million. Even operaring at this Jevel certain 
individuals were found to have some residual effects. As a result the 
maximum permissible concentration for benzol is now set at 25 parts 
per million. It should be noted that even operating at 100 parts per 
million no one was made ill and no one died. However, a careful 
examination of clinical history indicated that the maximum permissi- 
ble concentration should be lowered, and it has been. This was en- 
tirely based on human exposure experience. 

In general, one might say that criteria or standards for protection 
against any industrial stress are designed to insure that over the 
period of a working lifetime no individual or his descendants may be 
injured or may suffer any ill effects. Health protection problems 
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involving radiation are frequently considered to be quite different 
from those posed by other occupational and public health exposures. 
However, an examination of this indicates the fallacy. Radiation 
has been known to cause cancer; so have many industrial chemicals 
such as chromium, nickel, and beryllium. Beryllium has even been 
paes to be a carcinogenic public health problem. Radiation has 

een indicted as potentially causing genetic changes. However, the 
evidence is quite clear that chemical substances and other stresses of 
modern industry may also produce similar genetic changes. The 
role of trousers in elevating scrotal temperatures has been shown 
to play a very important role in this area. Certainly, the acute 
effects of radiation are quite comparable to those which are produced 
by exposure to chahebent or other hazards. When one questions the 
unique characteristics of radiation it is a little difficult to be specific. 
Radiation cannot be detected by any of the senses; however, many 
chemical poisons are similar. The best example of this is carbon 
monoxide, yet the accidental deaths from this material do not generate 
unreasoned fear. 

Probably the major difference between the effect of radiation on an 
individual and the effect of other types of occupational exposure are 

redominantly psychological. Individuals who in one way or another 

ave reached the ear of the public have created the impression that 
radiation is somehow different from other hazards. When the 
average individual considers the effects of radiation, the first thing 
which comes to his mind is the immediate production of cancer, 
of leukemia, or of two-headed grandchildren. A. J. Snider, of the 
Chicago Daily News, has said: 

If there are not facts upon which comprehension can be based, human nature 
will fit it in with rumor and misconception. There is obviously a need for ade- 
quate criteria and standards for radiation protection just as there is a need for 
such standards for protection from any other type of hazardous exposure. The 
important element governing such standard setting, however, must be realism 
which can then be presented to the general public on the basis that it is derived 
from facts on which comprehension can be based. 

Radiation protection criteria or standards which have been devel- 
oped to date all bear a similar background. By and large, they are 
based on long extrapolations of tenuous animal experiments. As is 
reasonably well documented, there have been on two types of internal 
radiation exposure which appear to have led to clinically recognizable 
disability on the part of exposed humans. These include the radium 
exposure to the individuals who painted watch dials during the First 
World War and the exposure to radon and its daughter products of 
individuals in the central European uranium-radium mines. In 
neither case was the original exposure well documented. We are 
presently learning that upward of a few thousand people were in- 
volved in the radium dial painting business at the time that those 
people were exposed, and at the most there appear to be about 30 
cases of illness resulting from this exposure. In examining the other 
exposure, that to radon and daughters in the European mines, one 
must accept the data which have been submitted by the individuals 
who investigated the mines. However, their estimate of exposure 
leaves much to be desired. The fact that many other metals were 
present in the ores, some of these potentially carcinogenic, has been 
disregarded in assessing the hazard. Very conservative interpreta- 
tions of exposure have been used. There is considerable evidence 
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that average exposures were 10 times higher than is usually accepted. 
In any event, on the basis of the human effect which they have pro- 
duced, only those two radioactive materials have been indicated as 
being dangerous. If one now refers to Handbook No. 69, here can be 
seen a list of approximately 25 numbers for each of about 200 radio- 
nuclides. How it is possible that one can derive approximately 5,000 
different permissible concentrations, cloak these values with legal 
stature when they have been generated on the basis of the relatively 
few human injuries which have been documented, is beyond com- 
prehension. This is truly the mouse laboring to bring forth the 
mountain. It is true that considerable animal experiment has gone 
into the development of many of these data. However, one must 
only cautiously take the position that man as an animal is to be 
ignored. Human experience is surely the more valuable. 

It is true that the criteria which have been developed are hedged in 
by statements assuring that they are recommendations. However, 
this is not the use to which they are put. The Code of the Federal 
Register takes the values which were listed in Handbook No. 52 and 
makes them part of the law of the land. In addition, most States 
which have incorporated maximum permissible concentrations for 
radioactive materials in their legislative codes have likewise used these 
numbers. Therefore, despite the fact that both the International 
Commission on Radiation Protection and the National Committee 
on Radiation Protection specifically state that their interpretation 
of maximum permissible concentrations and the maximum permissible 
dose rates are purely advisory, the values have been fully legalized. 

Another point which it is well to make is that if the effects of these 
dose rates are to be examined at or anywhere near the maximum per- 
missible level, the animal experiments upon which these maximum 
permissible doses are based will be exceedingly tedious and require 
enormous numbers of animals. As a result, experimental work is 
generally carried out at hundreds or thousands of times the level which 
is of primary interest, and the data are later extrapolated from this 
—_ down to a point of zero risk. Even at the point of zero risk, 

ecause of the many uncertainties which accompany the original data, 
large factors of safety are built in before the numbers are legitimized. 
One can therefore find incorporated into many of the maximum permis- 
sible dose rate figures factors of safety of between 1,000 and 10,000. 
Those of us who et been involved in devising maximum permissible 
concentrations for other types of toxic materials are astounded at these 
enormous safety factors. Even assuming that the uncertainties are 
real and that the safety factors are necessary, when one reviews the 
application of the safety factors in actual plant operation one finds 
that the conservatism of the local man on the scene adds additional 
factors of safety which compound the felony. For example, if it is 
written in Handbook No. 69 that the maximum permissible concen- 
tration of a particular material is X and this X assuredly means an 
average of X for 40 hours a week for a working lifetime, this is not 
the general interpretation which is used in the trade. In most loca- 
tions, as soon as the value X is exceeded even momentarily, the opera- 
tion becomes suspect and various control measures are established. 
One might justifiably ask why it is that this enormous degree of con- 
servatism has been built into standards for protection of health 
against radiation and radioactive materials while this is not the case 
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for any other type or category of material. For example, the maxi- 
mum permissible concentration for mercury is set at a level which 
will show some occasional clinical sysmptoms, and mercury poisoning 
is at least as serious as radiation poisoning. In examining the genesis 
of these radiation standards one finds that contrary to normal practice 
in which standards have been generated by industrial experience and 
by people with industrial experience, the Atomic Energy Commission 
was faced very early in its career, when it was still the Manhattan 
District, with the enormous problem of protecting its workers against 
potential radiation exposure. At that time each of the major produc- 
tion operations was segregated and isolated from the others because of 
security, and each operation was absolutely isolated from the outside 
world. Therefore, the normal practice which one generally calls into 
being was inoperable; that of going into industry to find an individual 
with years of experience to provide assistance in determining protec- 
tion standards. Each operation had to dig into its own organization 
to find some individual who could be assigned this function. Ob- 
viously this narrowed the field considerably. By and large, what 
followed was that physicists were chosen and assigned the job of 
deriving suitable standards. One can certainly find no fault with this 
procedure except that it eventuated in a completely unbalanced 
situation. These individuals, because they had essentially no medi- 
eal, physiological, toxicological, or industrial background, obviously 
drew the most conservative conclusions. It has been the pressure of 
these individuals, now having matured and having developed large 
staffs, that has succeeded in successively reducing the maximum per- 
missible dose rates established many years ago. The fact that maxi- 
mum permissible dose rates have been continuously lowered over the 
years purely on the basis of conservatism and not in any respect on 
the basis of demonstrated somatic or genetic injury should be kept in 
mind. 

It might be well to bear in mind the statement made by E. L. 
Green in his discussion of genetic effects at the Indianapolis meeting 
of the American Association for the Advancement of Science. In 
this discussion, after a long dissertation on the problems involved in 
determining genetic effects, Mr. Green stated: 

We need to know more about the radiation sensitivity of experimental animals 
and more about the array of effects produced by mutant genes. We need to know 
more about the effects of radiation on model populations of animals set up to test 
one or more hypotheses about the manifestation and perpetuation of hereditary 
variability. Perhaps most importantly we need to devise adequate but not over- 
whelmingly expensive methods of assessing the genetic health of the present human 
populations of the world. Not until we do so can we detect changes in the popula- 
tion and on the basis of theory and experimentation predict what course the 
changes will take. 

In other words our knowledge of the human genetic effects resulting 
from radiation is essentially nil. In discussing somatic effects, Austin 
Brues, of Argonne, reached substantially the same conclusion. Thus 
we are faced with the problem that yielding to psychological pressures 
radiation protection standards which once were based on human ex- 
perience have been consistently lowered through the years. 

It might be noted at this point that because of the fact that this 
conservative opinion has prevailed and because of the fact maximum 
permissible levels have continually been depressed by the pressure of 
this opinion the public very justifiably is confused. Not only are they 
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confused but they have every reason to believe that levels will con- 
tinually decline until the point of background radiation is reached, 
which means that zero additional radiation can be accepted by the 
human organism. 

The fundamental philosophy behind the establishment of radiation 
protection standards as they have been evolved has been that one 
should assume absolutely zero risk of damage. On top of this there 
has been added a significant safety factor to insure that this zero risk 
can be achieved. This is completely at variance with any other type 
of industrial, occupational or public health hazard. One can think of 
no situation wherein the protection of the public is carried to such an 
extent. Potentially lethal tank car loads of the acid gases and organic 
chemicals are carried on railways through cities and over vehicular 
arteries where they expose the public to enormous risks. These are 
kept under statistical control; occasionally they do let loose and cause 
severe damage. The concentration of lead and carbon monoxide in 
city air as a result of the use of internal combustion engines on the 
street has been studied extensively because the concentrations have 
begun to approach those at which one might expect minimal damage. 
The experience of the city of Los Angeles with its problem of unburned 
hydrocarbons is drawing enormous public support, and the problem 
will eventually be reduced. However, no such action can be taken in 
any other city because no other city suffers the extremely annoying 
effects of smog which Los Angeles has. This does not mean that other 
large metropolitan centers are completely without risk; it merely 
means that they are without direct annoyance. 

One can certainly point with pride to the magnificent record which 
has been achieved by atomic energy installations and contractor 
installations during the period when enormous quantities of radio- 
active materials have been handled. However, please let no one ques- 
tion the cost. Such cost calculations have never been made. How- 
ever, it is almost certain that if nuclear materials were prepared using 
industrial criteria similar to those used in the preparation of wartime 
explosives, which by the way carry similar risks, today we might well 
be in a period of economic fission power. 

The development of radiation protection criteria and standards are 
unique in that the groups who are involved in their development con- 
tain no true industrial representation. This would be unheard of in 
the development of standards for protection against any other type of 
material. It is true that the Federal Government through the Fed- 
eral Radiation Council, as well as departments and agencies of the 
Government, involve themselves in the establishment of these stand- 
ards. However, the tremendous responsibilities for the development 
of these standards should certainly not rest solely with these groups. 
It should rest, as does the responsibility for the development of other 
kinds of standards, with a cross section of the American industrial 
scene. There should be representatives of various of the scientific 
disciplines plus individuals representative of industry, insurance, labor, 
and other private bodies. If one looks, for example, at the composi- 

tion of the National Committee on Radiation Protection subcommittee 
on internal dose one finds that, of the nine members of the group, six 
represent U.S. Atomic Ene Commission national laboratories and 
one represents an Atomic Teeotey Commission contract laboratory. 
The other two individuals in the group are a physician and physicist. 
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I submit that this is not the kind of group that should be drawing 
standards for protection in industrial situations. The American 
Standards Association has made a beginning in attempting to involve 
a broader spectrum of participation in the definition of standards of 
this type. In my opinion, this kind of broad participation should be 
fostered as much as possible. 

There is every reason to believe that the time-tested methods of 
toxicological and pharmacological research should be and can be ade- 
quately applied to the development of protection against radiation 
and radioactivity. However, the problem of assigning risks to a par- 
ticular material must be taken away from the physicist and the 
laboratory experts and must be placed in the hands of people who 
have a broader point of view. By and large, this cannot be an indi- 
vidual, but must preferably be a representative group. One can see 
nothing in the effects of radiation which make them significantly 
different from the effects of other types of hazards. There is no bio- 
logical damage which is caused by radiation which cannot in some 
measure be duplicated by the damage created by other types of in- 
dustrial occupational exposure. When one compares, however, the 
development of standards for other types of exposure with the de- 
velopment of standards for radiation exposure, one reaches an impasse. 
The nature of this impasse is that somewhere in the history of the 
development of criteria for radiation protection the fundamental 
philosophy was spelled out that under no circumstances should any- 
one at anytime become injured by radiation. This is despite the fact 
that extremely little human occupational experience is available. Of 
course, we have human exposure experience at extremely high levels 
of radiation exposure, and I believe that the consequences of such 
high level exposure can be adequately predicted. However, it is 
meaningless to extrapolate the effect of several hundred roentgen on 
the human organism to the point where one says an individual should 
not be exposed to more than 100 milliroentgens per week. Single 
dose exposures are certainly not the same as long term, leveled out 
exposures. 

here must obviously be a point where the defenses of the body are 
overwhelmed by a massive acute exposure. One always marvels at 
the ability of the organism to repair itself. Radiation exposure might 
be compared to a man crossing the street. Each venture into the 
traffic adds a significant iota of risk to the individual. However, 
when he safely arrives at the far curb one cannot say that he has been 
damaged; he has merely been at risk. If, however, he happens to get 
an acute dose of automobile bumper in his back, he might conceivably 
be exceedingly dead. 

When we begin to consider standards for radiation protection as 
they apply to the general population it is possible to review atmos- 
pheric pollution standards or the standards for protection against 
food chemicals, such as on cranberries. For example, in the city of 
London during one smog episode in 1952 approximately 4,000 people 
lost their lives. This was met by governmental authority with a 
studied program to improve conditions. There was no hysteria, but 
rather a systematic approach to the improvement of the situation. 
We shudder to think of the mass hysteria which would have ensued 
had this exposure been to radioactive materials and had the resultant 
4,000 deaths been attributable to radiation. By the same token one 
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views the recent cranberry situation with some degree of amusement. 
Here we have responsible public officials restricting consumption of 
the fruit. This, despite the fact that the scientist who carried out 
the experimental work on which the restrictions were based, made 
the statement that an individual would have to eat 10 pounds of 
cranberries every day for the rest of his life to equal the quantity 
which produced the effects in laboratory animals. This was amusing 
in the cranberry situation because it was a flash in the pan; however, 
a persistent attitude of this kind can strangle an industry. 

One might also view the situation where a alana hazardous 
industry is located in a population center. Here the group which is 
taking the risk is quite different from the group which is obtaining 
benefits associated with the risk. A case in point is the Texas City 
operation where enormous devastation and loss of life resulted from 
a major explosion. This situation was accepted as a normal industrial 
disaster. However, staying in Texas, one might compare the psy- 
chological results of this situation to those which followed a relatively 
insignificant contamination situation at an industrial establishment. 
There, although no injury was caused to anyone and relatively slight 
amounts of radioactive contamination were strewn around theland- 
scape, the situation was of sufficient importance to generate a nation- 
wide television story. All of this points to the fact that, as a result 
of the history and background of the development of radiation-pro- 
tection standards and the association of these standards with the 
effects of atomic weapons of mass destruction, coupled with writers 
whose primary objective has been to create an aura of sensational 
fear, radiation protection has been placed in the category primarily 
of a psychological rather than a real hazard, and it is mostly on the 
basis of this that the extremely conservative viewpoint has been taken. 

This psychology exists in the mind of the public and cannot be 
lightly dismissed. One must admit that repeated lowerings of the 
criteria as a result of this psychological pressure do not in anyway 
assist in solving the problem. It is conceivable that only a long-term, 
concerted effort in the direction of public education can relieve the 
situation, if relief is possible. The public appears to be prepared to 
accept the inherent risk of atmospheric pollution and potential disaster 
situations whereby industrial chemicals can be released on a large 
scale, but the same public is presently unwilling to accept. the possibil- 
ity that similar types of disaster situations can exist in the atomic 
energy industry. 

There is certainly adequate background to demonstrate that the 
public is willing to accept risks in many areas. The development of 
a large-scale atomic energy industry, however, will be hampered just 
so long as this psychological block regarding radiation injury exists 
on the part of the public. One finds nowhere in industry or in public 
health any precedent for insisting on absolute safety. There is a 
minimum number of B-coli which is permitted in public water sup- 
plies. There is a minimum number of potentially harmful bacteria 
which is permitted in milk supplies. Air pollution is permitted in 
urban situations. The public is willing to accept something of the 
order of 50,000 deaths a year from motor vehicles. There is essen- 
tially no industry wherein the risk of damage as a result of physical 
or chemical factors is not acceptable to the workers, with the excep- 
tion of the atomic energy industry. In this connection it is interesting 
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to note that although all criteria for radiological health protection 
specifically eliminate diagnostic X-ray machines, there are more such 
machines in use in the United States than there are workers involved 
in the entire atomic energy industry. To date the number of “‘people- 
roentgens’”’ accumulated by unnecessary diagnostic procedures or 
inadequately protected machines has not been evaluated, but such 
an evaluation would result in many gray heads among the partici- 
pants in the appropriate National Committee on Radiation Protection 
Subcommittee. 

Extrapolating atomic energy one step beyond the present situation, 
science will certainly one day insist upon using atomic energy in 
space vehicles. Power requirements both for driving and for sup- 
plying auxiliary power to such vehicles for protracted periods can 
only come from the use of atomic energy. At the present level of 
power consumption solar cells can undoubtedly bridge the gap. 
However, when the science develops to the point where deep-space 
probes are a fundamental requirement, only atomic energy can pro- 
vide the necessary power. However, one shudders to think of the 
possibility of an announcement to the world today that atomic de- 
vices have been placed in space vehicles. The ever-present risk of 
failure and subsequent return of the vehicle to the earth’s atmosphere 
is accompanied by the potential risk of contaminating the atmosphere. 
Certainly one cannot condone a situation where an intact power 
source is permitted to return. This concentrated source of radio- 
active materials could cause considerable damage were it to fall in 
a populated area. One must therefore consider the likelihood that 
such a device will burn on reentry into the atmosphere and scatter 
radioactive particulate matter through the atmosphere. This will 
result in some increase in radioactive fallout and, consequently, an 
increase in potential public health risk. Are the peoples of the world 
at this time ready to accept such a risk? I believe that the present 
answer is ‘“‘No.”’ One need merely look at the reaction of the Afro- 
Asian nations to the relatively small amount of fallout caused by the 
recent French atomic explosions. How then can one provide the 
necessary acceptance? In my opinion, this can only be done by 
devising missions with specific useful conclusions and, on the basis 
of the good to be derived, request a scientific intergovernmental 
body to approve the use. This would require spelling out the pos- 
sible benefits to be derived to mankind from the use of such devices 
and a very clear definition of the potential risk. There is no reason 
why the advantages cannot far outweight the potentially small dis- 
advantages. Similarly, in the generation of atomic power it can 
readily be demonstrated that fossil fuel power sources at the present 
rate of industrial growth will eventually be completely depleted. Is 
it not therefore necessary today to launch a concerted education 
program to convince the public that survival in the modern industrial 
sense is possible only with the development of fission power? I be- 
lieve that the public understands an economic balance. If so, wher- 
ever possible, the economic costs of protection should be balanced 
against the economic benefits of use to the world at large. This 
eer to be most possible by direct comparison with other types 
of hazards and with the amount of economic benefit and economic 
risk that each presents. Possibly in this way we can derive adequate 
standards for protection against radioactivity. 
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Historically, protection against hazardous materials is based not 
on a fear of damage but rather on the economic cost when damage 
occurs. Industry is constrained from injuring employees and the 
public not from a humanitarian viewpoint, but rather by the insurance 
cost that will accrue in the event of disaster. In every definition of 
maximum permissible concentrations it is stated that these concen- 
trations are merely guidelines and should be followed if long-term 
protection is required. Industry, however, understands this problem 
and is perfectly willing to use these guidelines because in the long run 
it means an economic advantage to them. There appears to be no 
reason why a similar point of view cannot be applied to the use of 
atomic energy. Industry cannot run on rigid standardization. The 
entire concept of industrial operation is that they must have flexible 
standards which are normally adhered to but which can be exceeded 
under certain circumstances of stress. Where a material is a cumu- 
lative poison or hazard it is perfectly permissible that criteria for 
protection may be exceeded periodically. These excesses may go up 
to but not includin the point where the material becomes a problem 
of acute hazard. This philosophy is perfectly satisfactory in normal 
industry but is something which is apparently an anathema in the 
radioactive industry. Two sets of radioactive criteria may be useful. 
One such set should be based on long-term averages which can be 
demonstrated to provide a reasonable degree of protection during 
a working lifetime. A second set based on acute injury should be 
permitted for relatively short definable periods of time. Ideally all 
criteria should be uniform. The basic reasonf for this is that if one 
segment of an industry maintains one set of criteria and another 
segment of the same industry maintains another set, the higher 
criteria will always be challenged. These will be challenged by labor, 
and they will be challenged in the courts. Adequate industrial means 
are available for the control of such hazards. If realistic criteria are 
set up, these normal control measures can be employed. However, 
it is obvious that the type of control which is used by an industry 
operating a plant primarily to make a profit will be somewhat different 
than that of the same industry which is operating completely under 
Government sponsorship. It is not necessary to go further than to 
review the operations of a mjor corporation which uses very stringent 
criteria at a national laboratory which they operate, but permits 
a completely different set of criteria in their uranium-milling opera- 
tions. One might, therefore, question whether the criteria which are 
employed in the uranium-milling operation are sound. The only 
answer to this can come from the experience of the plant. Apparently 
to date no one has been injured as a result of the higher criteria. Why 
then must the Government be saddled with the great expense of 
operating a series of plants at reduced levels? 

The basic responsibility for insuring protection of individuals inside 
and outside of the plant must rest upon the industry that is operating 
that plant. This will only come to pass after the Government has 
withdrawn its support from the national laboratories. A particular 
case in point which might be mentioned here is the discharge of radium- 
bearing materials into rivers in the vicinity of the uranium-concen- 
trating mills. As a result of a finding by the U.S. Public Health 
Service of a slightly elevated radium quantity in the Animus River, a 
tremendous. public-relations problem was encountered. The final 
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result of this was to force the mill operator to modify his process. 
However, when one considers the quantity of material which resulted 
from the discharge, one finds that large numbers of people throughout 
the world have been exposed for many, many years to concentrations 
far in excess of those that were found in the Animus River. It is one 
of the unfortunate facts of life that radium exists substantially through- 
out the world in the earth’s crust. In some places the concentration 
of radium in waters which are normally consumed by people is rela- 
tively very high. Studies of the concentration of radium in the bodies 
of some of these people, which have been performed by Dr. Mayneord, 
of England, indicate that despite these high concentrations no physio- 
logic damage can be demonstrated. ow then can one reconcile 
these two items? ‘The only possibility that comes to mind is that the 
criteria which have been established for the maximum permissible 
concentration for radium in drinking water are lower than is required. 

What then can be done to bring the situation regarding criteria for 
protection against radiation hazard into perspective? The following 
suggestions may help. 

1. Place the problem of assessing maximum permissible concentra- 
tions and maximum permissible dose rates in the hands of mixed 
committees. Such committees should contain representatives of 
users, insurers, labor, and scientists. It is only by the concerted effort 
of such a group that it will be possible to evolve criteria which take 
into consideration all of the factors that go into establishing the need 
for these criteria. 

2. Some effort should be made, preferably on the part of the Federal 
Government, to alleviate the unthinking fear which the public asso- 
ciates with radioactivity. This would involve a major public informa- 
tion program. 

3. Whatever criteria are established must be established on the basis 
of reasonable safety factors. Safety factors of the order of 1,000 to 
10,000 are not reasonable. 

4. The problem of developing standards, policy, and criteria should 
not rest with governmental agencies but rather would be in the hands 
of groups which have been gathered by governmental agencies repre- 
senting the parties at interest. 

5. The decision as to whether a new source of contamination should 
be added to the environment must be based on the potential danger 
which that source of contamination will add to the environment. It 
should not be based on a tenuous assumption which is the extrapola- 
tion of data gathered from relatively high doses to animals. 

6. The role of the scientist in developing these recommendations 
should be primarily in the development of basic date. If these data 
leave questions still unanswered, the remaining questions should be 
framed and presented to Government-sponsored agencies whose 
responsibility it is to develop such data. 

7. National work in biomedical research is probably well founded. 
However, this type of research is only one factor in the determination 
of criteria. Large-scale epidemiological studies must be conducted to 
determine the fundamental parameters of the interaction of radiation 
and man. Certainly animal work is useful in defining areas for 
investigation. However, one must not lose sight of the fact that man 
is the animal in question. Large numbers of the population have been 
exposed to radioactive materials for long periods of time. Intensive 
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research in these areas must be carried out. For example, the thorium 
industry, which has been in existence for some 75 years, is certainly a 
case in point. Many hard rock mines have relatively high concentra- 
tions of radon and radon daughter products and should be investigated. 
The uranium industry is one which began approximately 20 years ago 
and in which there is a large backlog of information, if it can be fnhdle 
accessible. The study of the uranium mines in the Colorado Plateau, 
which the Public Health Service is carrying out, is an excellent one and 
should be fostered. It will only be from a coordination of epidemiolog- 
ical research with animal research that useful data can be forthcoming. 
There are areas in the world where the background radiation level is 
considerably higher than it is elsewhere. Intensive study should be 
made in these areas to determine whether this increase in background 
radiation level presents a danger to the population living there. 
This should include not only areas at high elevations where the cosmic 
radiation background is increased, but also areas where terrestrial 
radiation and the radioactive material intake in food and water are 
higher than normal. 

8. In my opinion, radiation protection is not a function of the 
Federal Government except in those areas where the Federal Govern- 
ment is directly involved. I base this on the very fine experience 
which the country has had over the past 50 years in industrial health 
control. In this area the Federal Government has been involved only 
on an advisory basis. ‘The primary responsibility for health control 
has rested with the State governments. I believe that the experience 
has been good. 

9. I believe that the quasi-official groups such as the National 
Academy of Sciences and the National Committee on Radiation 
Protection should be purely advisory. These groups should work 
toward the direction of coordinating the available data and of present- 
ing these data to the mixed committees mentioned above for their 
consideration and action. 





STANDARDS OF HYGIENE AND THE PROPER POLICIES 
AND CRITERIA IN RADIATION PROTECTION 


(By R. R. Newell, M.D., Professor of Radiology (Emeritus) Stanford 
University School of Medicine, San Francisco) 


[These are the author’s opinions. They do not necessarily reflect the opinions 
or policies of Stanford University, the U.S. Navy or Veterans’ Administration, 
or the National Committee on Radiation Protection. April 20, 1960] 


DESCRIPTIVE AND NORMATIVE STANDARDS 


Your committee wants to know what standards to cut to in protect- 
ing people from the bad effects of radiation. The statistician’s stand- 
ard is descriptive, the average longevity plus the average percentage of 
days at work. It is comparable to the standard man, who, it has 
been pointed out, does not exist. The standard that we are seeking 
here is a normative standard. We shall try to set up an ideal level of 
health, realistically within our reach, we hope. 


RADIATION HYGIENE AND RADIATION PROTECTION 


The field of our attention is re called radiation hygiene. 
The means is radiation protection. This has to be guided by a policy, 
and the accomplishment measured against criteria. 


POLICY AND CRITERIA 


The eligible policy is up for decision, which, being necessarily ar- 
bitrary, and now seen to affect, potentially, the lives of all of us, is a 
political decision and properly debatable. It is in fact being widely 
and warmly debated. It is important to see that such decisions are 
not scientific conclusions. Their purpose is to mold the future, not 
merly to predict it. One foot should of course be planted on scien- 
tific knowledge, and the more firmly the better. But the other stands 
on human ideals and sentiments. This is what gives so much heat 
and color to the debate. And this is where a lively skepticism is 
properly applicable to any person’s testimony, be he scientist or hu- 
manist, to distinguish what is observational and logical and intended 
to inform, from what is oratory and intended to persuade. 


EXTRAPOLATION 


We accept the scientists’ conclusion, based on very broad observa- 
tional evidence, that even the least amount of radiation absorbed in 
the human body has some biological effect. This is not to say that 
it is injurious although it is amply evident that large amounts are 
injurious, even lethal. But as we progressively diminish the dose 
the observable changes than can be classed as injurious diminish and 
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finally disappear. In our imagination we follow them below the 
threshold of observability. This is a logical process which is regu- 
larly utilized in science and in engineering, where it has many times 
provided useful predictions and usable designs. It is called extra- 
polation and is known to be less and less dependable the farther it gets 
from its observational starting point. 


STATISTICAL ADEQUACY AND ANECDOTES 


An example is the Salk vaccine. The rate of inactivation with time 
of exposure to formaldehdye was determined over a wide range down 
to the place where cultures and inoculations showed fewer and fewer 
positives and finally no positives out of dozens of cultures and half a 
dozen monkeys. It was then calculated how much longer the formal- 
dehyde should work in order that the chance of a positive inoculation 
would be reduced from one in a hundred down to one in a hundred 
million. But when the vaccine was given to just a few million chil- 
dren, several of them developed polio. 

It has been estimated by Carol Buck (Science 129: 1357-1358, May 
15, 1959) that to determine whether 5 r accumulated by the age of 
34 actually increases the incidence of leukemia, a million persons so 
exposed would have to be observed for a period of 6 years. Experi- 
ments on populations of this size are done successfully on bacteria and 
bread molds and yeasts. A recent report by the Russells (Science 
128: 1546-1550, Dec. 19, 1958) gives their observations on about 400,- 
000 mice. Many of the scientific “facts” that we quote are from ob- 
servations on less than a hundred mice. For determinations of the 
effect of measured total body irradiations on man we consider a few 
small series of therapy cases and collect the available instances of 
accidental overexposures—essentially an anthology of anecdotes. 


UNOBSERVABLE INJURIES 


A statement about the injurious effects in man due to small amounts 
of radiation is necessarily a statement about what is unobservable. 
If it is a scientific statement at all, it is a logical extrapolation either 
from adequate numbers of living organisms very different from man, 
or from inadequate numbers of animals (mammals) much like man, 
or, for some effects, a few data on man himself. In previous hearings 
you have learned how far from agreement scientists are about some 
simple facts—the LD,. for man, whether there is a threshold dose be- 
low which no leukemia is induced, whether leukemia appears accord- 
ing to the dose or the square of the dose, what is the carcinogenic effect 
of 10 microcuries of Sr® in a person’s bones? 


LEUKEMIA 


The British spondylitis therapy cases have been cited ad nauseum, 
but they form the only really large collection of measured doses. 
Statistical analysis gives « standard error of prediction of 25 percent 
at the average X-ray dose for the 13,000 patients. But when the dose 
is small and the calculated production of leukemia about 1 per million 
per year the uncertainty becomes 400 times as large as the prediction. 
At such a low level the prediction based on the square of the dose is 
less than 1 percent of what it is by the linear formula. 
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CANCER AND LONGEVITY 


The capability of a little radium in the bones to cause sarcoma after 
5 to 25 years in incontrovertable. The statistical evidence of carcino- 
genicity of small X-ray exposures in infancy and very small exposures 
of the fetus in utero is real, but insufficient for quantitative prediction. 
Shortening of the life span in man is presumably an effect of small 
irradiations, but has not been validated by observation. I doubt if 
it will be soon, in view of man’s long and very variable lifetime. 


GENETIC INJURY 


You heard last June what a wide range of prediction results when 
we try to forecast the genetic effects of radiation. Since the resultant 
congenital defects may appear many generations after the exposure, 
it is practically impossible to get observations on man to validate our 
hypothesis. The U.N. Committee believes it improbable that they 
will be able to detect the effect of many generations’ long exposure to 
radiation some tenfold above normal background among the 80,000 
persons so exposed in Kerala (India). 


THE MPD 


In view of the above evidence that scientists know very little indeed 
about the effect of total body exposures of the order of 5 r, what do the 
NCRP and ICRP think they are doing when they promulgate 5 r per 

ear as the criterion for radiation protection? Obviously they are not 
uilding a fence along the edge of the chasm of disaster. In fact, the 
NCRP writes, “Permissible dose [is] * * * not expected to cause ap- 
preciable bodily injury to a person at any time during his lifetime.” 

It is now agreed that MPD is an arbitrary limit (like a speed limit 

on the highway) designed to limit the prabahdlity of injury. 


OTHER INDUSTRIAL ACCIDENTS 


For ordinary industrial hazards, we estimate the present hazard 
and judge how well we are doing in accident protection by counting 
the accidents as they occur. Unobservable injuries don’t count. 

By contrast, for radiation hazard we don’t wait for the injuries to 
appear. We estimate the hazard by measuring the radiation. Instead 
of judging our policy and program for accident prevention by the ob- 
served frequency of injuries, we take the observed frequency of the 
several levels of radiation exposure. When dealing with the future 
read not “frequently” but “probability.” ; 


THE CLIMATE OF COMPETITIVE HAZARDS 


Ever since we scrapped the term “tolerance dose” we have bowed 
our heads to the presumption that the probability of radiation injury 
cannot be reduced to zero. The natural irradiation sets the minimum. 
The amount of manmade likelihood of injury that we should be will- 
ing to add to this is a matter for thoughtful decision. One pertinent 
consideration is the general level of other hazards—call it the climate 
of competitive hazards. Obviously in a situation where life is very 
safe the addition of even a small hazard becomes important, but when 


|e RNC LS Te ee ee ti oe 








n 
it 


ir 


» 


to 


he 


he 


yb- 
he 








oe 





RADIATION PROTECTION CRITERIA AND STANDARDS 59 


one is facing danger on all sides one small hazard more or less is not 
going to be noticed. 
COMPETITIVE BENEFITS 


Another weighty consideration is the value of the activity which we 
would have to forego if we decide to shut off the radiation. 


ACCEPTED AND INFLICTED HAZARDS 


Every day we accept many hazards to health and life with a light 
heart when they accompany things that we wish todo. Some persons 
think it sensible to ski or to climb mountains or ride in airplanes. 
Others think that some or all of these are taking damn-fool chances. 
Everyone who does them tries to limit his risk, and tries to adjust his 
safety precautions to a balance between too much risk on the one hand 
and too much interference with his fun on the other. 


ADAPTATION TO DANGER 


The matter appears quite different when one person suffers the risk 
in order that another shall have the fun. The Christian ethic forbids 
that we should inflict injury or the chance of injury on others. This 
ideal cannot be completely attained in our Western culture. It is es- 
pecially compromised in urban living, where nearly everything one 
person does carries some possibility of affecting other persons. Most 
of the risks are ignored. Most of them are unmeasured and unmeas- 
urable. Many are resisted when new, and later accepted almost 
thoughtlessly. The habituation to dangers is an essential part of bio- 
logical adaptation. 

Examples of risk not yet adapted to are sonic booms near airports 
and violent death from a plane falling on one’s home. The risk of 
lung cancer from cigarette smoking is an example of a risk preadapted 
to, even before it was discovered as a risk. 


PRIVATE AND PUBLIC POLICY 


The behavior to be enjoined upon each person is, no doubt, that he 
shall put no other person in danger. There are three discernible 
standards of attainment, set by statute, by social sanction and by 
self-restraint. These three can also be designated as law abiding, 
moral, and virtuous. It is to be noted that there are some persons 
so virtuous that they would sacrifice not only their own self-interest 
but the interest and comfort of others on the altar of virtue. The 
morality of an action should be estimated by what other persons think 
of it. When enough unanimity of sentiment and opinion is observ- 
able, moral standards are likely to become embodied in statutes. All 
this leads us to be skeptical, or at least analytical when exhorted by 
very virtuous men. It also leads us to advise education and more 
education of the public so that our democratic processes may lead to 
Statutes and regulations that forward our interests without doing 
violence to our morals. This advice is most urgently needed in the 
newest fields. Considering the vitally critical decisions that have 
to be made, the outstanding example is radiation. 

Education of those who produce radiation and should control it 
has been the goal of the NCRP for some 30 years. It has presumed 
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that nearly all would operate safely if given a set of criteria of safe 
performance and advice on their attainment. Other agencies (e.g. 
NAS and AEC) as well as the schools have accomplished much for 
this education. Past congressional hearings have brought much 
needed information into easy availability. We think that general 
understanding is still insufficient, especially of the very things we 
are asked to testify on here—the actual level of hazards, the under- 
lying philosophy of protection and the wisdom of eligible policies. 
These hearings are just what is needed. 


THE DEMOCRATIC PROCESS 


We are not to suppose that education will of itself lead to unanim- 
ity. We can only teach (as far as we know it) what the several 
courses of action will probably lead to. The self-interest that we have 
to deal with should be an enlightened self-interest. Different people 
wlil continue to evaluate things on the basis of different sentiments. 
One who treasures his own virtue says we should not risk even one 
innocent life out of greed for power or self-indulgence. Another, 
who treasures the primacy of this Nation, says that any person ought 
to prefer a moderate risk of late sequelae to a high risk of acute radi- 
ation syndrome (in nuclear war). The variance of such value judg- 
ments is much greater than the variance of scientific interpretation of 
the observational data on radiation effects. This is not to say that 
more and better investigations will not improve the data. The point 
is that such decisions belong to legislation. Science can only pro- 
vide some of the foundation, and scientists’ duty, as scientists, is to 
investigate and discover, and to organize the knowledge and com- 
municate it to those who have the decisions to make. I wish to present 
what I think is a good way to look at it. 

The late sequel of irradiation comes as an emergent disaster to the 
person irradiated—leukemia or cancer; or as a summation of small 
disasters—shortening of the life span; or as a large or small indi- 
vidual disaster to another person—the hereditary defect. All of the 
sequelae should be looked upon not as graded injuries but as chance 
disasters. Then we estimate the severity of the effect of radiation by 
the frequency of the disasters. It appears to be a statistical problem. 

Superimposed on the statistical problem posed by the variable 
chances of emergence of the injury is the statistical problem of the 
variable dose of radiation. In the same life situation—at work or 
wherever—the few or the many persons exposed to radiation hazard 
get different amounts of radiation. 

For most situations we do not know the frequency distribution 
of large and small radiation doses. In a few large operations where 
personnel monitoring is the rule, we do have the data needed for 
statistical analysis. At Hanford in a year when the most-exposed per- 
son accumulated a total dose of 4 r, the average among some 10,000 
was 0.2 r. These are the two pertinent measures for radiation 
hygiene. 

SOMATIO INJURIES 


The frequency of late sequelae in a given person depends on the 
dose of radiation that that person receives. For the health of the per- 
son, therefore, we must limit the dose that the most-exposed person 
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may receive. That is the function of the maximum permissible dose 
(MPD) and the permissible accumulated dose (PAD). 


GENETIO INJURIES 


The frequency of congenital defects depends on the number of mu- 
tant genes in the genetic pool of the whole interbreeding population. 
For the health of the race, therefore, we must limit the rate of con- 
tamination of the pool. 


TWO BIRDS WITH ONE STONE 


I wish to show that in some situations a single criterion will serve 
to implement a reasonable policy of radiation protection covering the 
interests of the race as well as the person exposed. Assume a log 
normal Gaussian distribution. Figure A gives the frequency of oc- 
currence of various levels of dose accumulated in a year. The fre- 
quency is less the farther the dose is from the average. The values 
written in the figure are what one might expect among employees in 
nuclear industry. If operations are managed so that among a million 
so employed only 100 get more than the MPD (5 r) in a year, then 
probably only 10 get more than 8 r and maybe only one gets as much 
as 15 r. Depending on what formula you use, this one most ex- 
posed has an extra two chances in 10,000, or two chances in a mil- 
lion that he will get leukemia in the next 10 years (by which time 
the chance will either have eventuated or evaporated). Since his 
normal chances of getting leukemia within 10 years are about 5 in 
10,000, this looks like a pretty satisfactory policy; namely, to oper- 
ate so that the MPD is exceeded by only 1 employee in 10,000 every 
year. 

This rule has also achieved an average exposure of 0.2 r among the 

million employees. Averaged over the whole U.S. population this is 
about 0.002 r per year; ie., about 2 percent of the natural irradia- 
tion. We think that the natural irradiation produces 10 percent of 
the natural mutation rate. This kind of control of nuclear industry 
should lead then to only 0.2 percent increase in mutation rate. 
_ When the man-made radiation is likely to affect nearly everyone, as 
is the case with fallout, the Gaussian curve of probabilities is fitted 
to a much smaller range of exposures (Figure B). In this case the en- 
forcement of MPD, supposing again that only one in 10,000 over- 
stepped it, might lead us to expect an average dose of 2 r per year. 
This is 20 times the natural irradiation and would impose an inac- 
ceptible genetic risk. 

The necessary criterion to apply in such cases is a maximum ac- 
ceptable average population dose. The ICRP has recommended that 
industry not subject people in general to more than enough to bring 
hes total accumulation up to 14 r by the time half their children are 

rm. 

We figure on 30 years’ exposure. The natural irradiation will to- 
tal 8 or 4 r. Unless radiologists do much better than has been re- 
ported, we have to allow about 3 r for medical radiography. Only 
about 0.25 r per year remains that we can allow for other sources. 
Military uses, wastes from powerplants on land and sea, and perhaps 
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nuclear airplanes and rockets all threaten to contaminate the en- 
vironment. 

If we do regulate the average external irradiation and the average 
amount of radioactive materials that gets into our bodies, what should 
be our criteerion? Surely the ICRP permissible mean population 
dose—0.25 r per year. At this average we can expect the extreme 
exposure to be about 1.5 rina year. This is a third of the industrial 
MPD and a tenth of what we have guessed the one most-exposed per- 
son would get of those who must expected occasionally to over- 
step the MPD. 

We can now write the rule for controlling both hazards—somatic 
(to the person exposed) and genetic (to the future of the race) : 

In indust ry, mind the MPD (maximum permissible dose) and the 
genetic problem will take care of itself. 

For widespread hazard, mind the PMD (permissible mean dose) 
and the somatic problem will take care of itself. 


PERSONS PER 108 EXCEEDING GIVEN DOSE 
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Fig. A. Presumed log normal distribution of industrial exposures in a population of 100 million, 


of which 1 million are in nuclear industry. When radiation hygiene is maintained so that only 
100 persons in a year exceedthe MPD (5r), the frequency of larger and smaller doses is as shown. 
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Fig. B. The doses to be expected from wide-spread radiation hazards, on the same assumption 
of log normal distribution, when the average exposure is held to 0.25 r per year. 
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RADIATION PROTECTION STANDARDS 


(By Russell H. Morgan, M.D., Radiologist in Chief, the Johns Hopkins. 
Hospital) 


I. INTRODUCTION 


In previous hearings of this committee, the biological effects of ion- 
izing radiation have been discussed in some detail. It has been pointed 
out that small doses of radiation may produce a number of effects 
which generally can be divided into two categories: (a) genetic effects, 
and (6) somatic effects. The genetic effects are caused by irradiation 
of the reproductive organs and lead to the appearance of mutations 
in succeeding generations of the individual. The genetic changes pro- 
duced by a given dose of radiation appear to be irreversible and hence, 
small doses of radiation delivered over a period of time are accumu- 
lative in the damage they may create. Also, the effects appear to be 
proportional to radiation dose and hence are more severe when the 
accumulated dose is large than when it is small. 

The somatic effects are caused by irradiation of certain critical organs 
and may lead to the development, after the elapse of a variable amount 
of time, to a number of neoplastic states including leukemia (blood- 
forming organs), skin cancer, and bone cancer. In general, the effects 
are greater when the dose of radiation is high than when it is small. 
However, it is not at all certain that the magnitude of the damage is 
entirely proportional to radiation dose. It is possible that at very 
small doses, little or no somatic damage may be created; that is, there 
may be a threshold dose below which no somatic effect may be ex- 
pected. However, the scientific data on this point are so uncertain 
that in the formulation of radiation protective standards, prudence 
dictates that one must assume the existence of no somatic threshold 
dose until conclusive evidence to the contrary is forthcoming. 

The effects of large doses of radiation are much better documented 
than those of small doses. Large doses cause suppression of the blood- 
forming tissues, the development of hemorrhagic states, an increased 
likelihood of infection and, if the doses are quite large, the develop- 
ment of serious neurological changes. Since large doses are likely to 
occur only after a serious accident or during a national nuclear emer- 
gency, these doses are not of immediate concern from the standpoint 
of radiation protective standards. 

That ionizing radiation might create deleterious effects in an exposed 
individual was recognized soon after the discovery of the X-ray. Phy- 
siclans who used X-rays in their practice found it convenient in the 
early years of this century to test their fluoroscopic equipment each 
day by observing how well they were able to see their hands when 
placed in the X-ray beam. After a number of years, these men devel- 
oped changes in the skin of their hands which ultimately degenerated 
into cancer. 

As a result of the recognition that ionizing radiation presented a 
number of hazards associated with its use, radiologists soon began to 
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take precautions against the delivery of any substantial amounts of 
unnecessary radioatin in their practices. As a part of this develop- 
ment, there was established in this country, the Advisory Committee 
on X-ray and Radium Protection, (which later became the National 
Committee on Radiation Protection) composed of outstanding mem- 
bers of the radiological profession and associated sciences, to make 
recommendations concerning safe operating practices in the field of 
radiology. Through the years, this body has made a large number of 
recommendations which, as the applications of radiation techniques 
affected increasingly large groups of people, have been extended to 
fields of activity well beyond medical radiology. 


II. THE PRACTICAL BASIS OF RADIATION PROTECTIVE STANDARDS 


One of the first recommendations made by the committee was what 
has become known as the maximum permissible dose or the weekly 
dose which individuals working with ionizing radiation may be ex- 
pected to receive without the development of serious biological dam- 
age. In the beginning, the maximum permissible dose was set at a 
rate of approximately 1 roentgen per week. Over the years, this value 
has been reduced until now the maximum permissible dose in most 
cases calls for the delivery of only 0.1 roengten each week. 

It is interesting to observe the methods which have been used in 
setting the maximum permissible dose levels. Although the members 
of the NCRP were of scientific discipline, scientific data were by no 
means the only consideration from which recommendations have 
been made. Practical factors have had a profound influence as well. 
For example, the maximum permissible dose of radiation workers has 
been reduced over the years not because new scientific information 
has come to hand which indicates radiation to be substantially more 
dangerous than once was thought, but because it has been found that 
with reasonable operating skill, radiologists and their technicians could 
maintain their exposure levels below 0.1 roentgen per week. Further- 
more, such a level could be attained without the need of added ex- 

enditures in time and money. I dare say that if the contrary had 
Seats true, the maximum permissible dose would still be at its former 


level today. This point is emphasized because it is frequently felt 
that scientific factors alone have determined the radiation levels 
specified in radiation protective standards. Actually, however, prac- 
tical considerations have often played an equally important role. 


Ill. THE PHILOSOPHICAL BASIS OF RADIATION PROTECTIVE STANDARDS 


Since it is prudent to assume that there is no threshold dose of 
radiation below which genetic and/or somatic damage may be avoided, 
it follows that there is a large philosophical element in the develop- 
ment of all radiation protective standards. The specification of a 
permitted radiation dose in a given standard carries with it the pos- 
sibility that some biological damage will result when the standard is 
applied. Hence, those who are charged with the formulation of 
radiation standards must continually balance biological risk against 
radiation benefit when pursuing their work. If the dosage level is 
set too high in a particular case, human damage may outweigh socio- 
economic, medical or other benefit; if the dose is set too low, develop- 
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ments in nuclear science and medicine may be curtailed. These 
judgments are not without their difficulties because it is often neces- 
sary to compare unlike quantities when the balance between risk and 
benefit is evaluated. For example, in occupational exposure, the 
risks are biological but the benefits may be economic. Certainly, an 
evaluation of these two factors requires the careful judgment of men 
not only with a sound scientific background but of men with a broad 
philosophical insight as well. 

It may come as a shock to some that radiation protective standards 
permit any human damage. Unless the use of ionizing radiation in 
medicine and industry is stopped completely, however, the possibility 
of some damage is inevitable. In answer to those who question the 
permissibility of any risk, it may be pointed out that all forms of hu- 
man endeavor, including working, walking, eating, and driving, 
involve some risk or possibility of human misfortune which may lead 
to morbidity and/or mortality. Of course, in the radiation field there 
an additional factor which is not usually present in other potentially is 
hazardous situations. The human damage may not only occur in the 
present generation but in future generations as well. Nevertheless, 
the basic problem is the same. Risk must be balanced against benefit 
and a prudent compromise of the several issues made. 

Since philosophical judgment plays such an important role in the 
formulation of radiation protective standards, it is important, as 
previously indicated, that those responsible for such standards possess 
more than scientific competence. In addition to backgrounds in 
physics, chemistry, and biology, knowledge is required in industrial 
techniques, public health, military affairs, political science, economics, 
law, and many other disciplines if these standards are to represent the 
best judgment of the Nation. It is hoped that in the future, these 
fields may be fully represented in bodies concerned with radiation 
protective standards. 


IV. MAXIMUM PERMISSIBLE DOSE AS A CONCEPT 


It has been previously pointed out that the biological damage 
produced by exposure to ionizing radiation increases progressively as 
the radiation dose increases. That is, when the dose is small the 
probability of damage is small, but as the dose becomes larger the 
probability of damage becomes ro It therefore follows that when 


a radiation protective standard, covering a given set of occupational 
or environmental conditions is established and sets forth a maximum 
permissible dose for these conditions, the standard does not mean 
that there is complete safety when the dosage levels are below the 
MPD and there is a complete absence of safety when the MPD is 
exceeded. Instead, it means that those formulating the standard 
considered the probability of damage at the maximum permissible 
level to be so small as to be inconsequential. 

In the past, the maximum permissible levels have been set suffi- 
ciently low that the probabilities of serious damage either to an 
individual or to the population at large are quite small even at dosage 
levels several times the maximum permissible dose in most cases. 
It is important that the public appreciate this fact for it will permit a 
better understanding of radiation problems and the application of 
protective measures wherever they may be required. There have 
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been many times in the past when the public has become quite 

apprehensive when, under a certain set of circumstances, the maximum 
ermissible levels have been approached or exceeded. Such a reaction 
as not often been consistent with the scientific facts of the case. 

The manner in which biological risk increases progressively with 
radiation dose makes very questionable the continuation of radiation 
protective standards which are expressed in terms of maximum 
permissible dose. Instead, it seems wise that standards in the future 
be formulated in a framework in which measures to control radiation 
exposure become increasingly stringent as radiation dosage levels 
rise; that is, standards Should be based on a concept of graded action 
to meet increasing risk. Specifically, protective standards should 
establish a set of ‘guiding principles w yhich include in each case the 
specification of a lower dosage limit below which biological risk is so 
small that it may be neglected. Above this limit, the standard should 
indicate the need for careful consideration of the exposure conditions 
by public health and other authorities and the application of addi- 
tional protective measures where justified. Radiation protective 
standards, developed in this manner, would not only do much to 
erase public confusion which has resulted from misunderstandings of 
the term, “maximum permissible dose’, but would also set the stage 
for effective public health action in those situations where exposure 
conditions are judged to require it. 

As an example of how standards based on the “graded action’”’ 
principle might operate, let us consider for a moment a problem which 
presented itself within the past year. In several communities, because 
of extensive nuclear testing during the preceding year, the strontium 90 
levels in milk rose to substantial fractions of the maximum permissible 
concentration established by the NCRP. The rise had been rapid 
and it appeared that the maximum permissible concentration might be 
exceeded. The prospect of such an event alarmed many people. 
Although this situation should be and was of concern to public health 
authorities, it need not have caused public apprehension. Contrary 
to expressed fears, the risks to the population would not have suddenly 
worsened if the MPC for strontium 90 had been exceeded. Indeed, 
these risks would have been only slightly greater than those which 
prevailed at the levels actually reached. Nevertheless, with a protec- 
tive standard for strontium 90 based on a maximum permissib ble dose 
concept, a substantial proportion of the public feared that the popula- 
tion faced sufficiently serious danger that milk supplies should be 
confiscated. That such a viewpoint was quite unjustified may be 
illustrated by the fact that an intake of milk products, containing 
strontium 90 at the MPC level, would be required for a period of 
several decades for an individual to receive a dose to bone approaching 
the whole-body dose received by properly protected radiation workers 
during their daily oce upation. Since no case of bone cancer has been 
found in such workers in the past, the public danger from the tempo- 
rary rise in strontium 90 concentrations in milk certainly did not call 
for the heroic measures that were suggested. 

I do not wish in any way to belittle the potential hazards created by 
fallout. This is not a problem to be considered lightly. However, 
since the risks are proportional to dose, radiation protective standards 
should not be based on principles which might be interpreted as calling 
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for no concern below a given radiation level and drastic action above 
this level. Instead, radiation protective standards should be based 
on concepts which recognize the scientific fact that increased dosages 
bring increased risks which in turn call for increasingly stringent 
controls. 


V. SOME REQUIREMENTS OF RADIATION PROTECTIVE STANDARDS 


Let us turn our attention now to a discussion of the elements of 
radiation protective standards which make them useful tools of 
society. One of the principal purposes of such standards is their use 
in the solution of legal problems arising from radiation exposure. Itis, 
therefore, important that these standards be easily interpreted, easily 
applied, and easily enforced. The dosage levels for which specific 
action is called for should be clearly stated. It is also essential that 
when a given radiation level is specified in a standard, detailed methods 
by which this level may be measured be clearly set forth. In the past, 
this has often been neglected with the result that confusion has arisen 
when the standard has been interpreted or applied. 

Another factor which contributes to the usefulness of radiation 
protective standards is geographic uniformity. The safety problems 
associated with many components of nuclear science and industry are 
such that they are not limited to the town or city in which the nuclear 
facility is located but instead may involve sizable regions, including 
the area of several States, beyond the facility. Hence, the same pro- 
tective guidelines should prevail over the entire area to insure effective 
corrective action of radiation conditions if such action is needed. 
Uniformity of standards also has great usefulness for those industries 
which operate in several regions of the country. If such industries 
were required to comply with many different protective criteria in 
several States, their operations would be unnecessarily costly and 
the economic benefits to the public from nuclear science would be 
reduced. Geographic uniformity of protective standards, therefore, 
should be maintained. 


VI. MECHANISMS FOR THE PROMULGATION OF RADIATION PROTECTIVE 
STANDARDS 


The question now arises as to how radiation protective standards 
may be formulated most effectively within the United States in the 
future. From what has been said, it is clear that such standards must 
be developed by men who have a broad range of competencies extend- 
ing well beyond the limits of scientific discipline. Also, if this body 
is to have status within the country, it appears that it should be in- 
corporated as an official agency of the U.S. Government. It seems 
unlikely that a nonofficial agency will be able to cope with the enor- 
mously complex problems which ean be foreseen in the field of radiation 
protection dasinn the next several decades. 

Where in government may one place a body whose official respon- 
sibility is the promulgation of radiation protective standards for the 
Nation? There are several agencies which have an interest in this 
field. The Atomic Energy Commission is one but this agency has 
substantial responsibility for the promotion of nuclear development 
in this country. Also, in its current framework, the Atomic Energy 







































68 RADIATION PROTECTION CRITERIA AND STANDARDS 


Commission has no substantial interest in many radiation sources for 
which protective standards are needed. 

Another agency in which the body might be placed is the Public 
Health Service. As previously indicated, many of the problems in 
radiation safety have to do with biology, medicine and public health 
with which the Public Health Service is intimately concerned. The 
Service also has established an excellent relationship with State and 
local health departments which may be expected to facilitate the appli- 
cation of federally established standards at the State and local level. 
Furthermore, the Service has played an intimate role in the develop- 
ment of protective standards in other fields which present problems 
not dissimilar to those associated with ionizing radiation. 

Other agencies in which this body might be placed include the 
Department of Commerce, the Department of Defense and the 
Department of Labor. Although all of these agencies have consider- 
able competence in the fields for which they are responsible, some ques- 
tion may be raised concerning their breadth of competence. It ap- 
pears that these agencies may be expected to do a splendid job in the 
application and enforcement of radiation protective standards in their 
respective fields of interest; however, the authority for the formula- 
tion and promulgation of such standards might be placed at a higher 
and somewhat more comprehensive governmental level. 

In many ways, the Federal Radiation Council constitutes an ideal 
structure for the formulation of protective standards in the field of 
ionizing radiation. Although this Council has not had an oppor- 
tunity to fully establish its position in Government since its formation 
last fall, it does represent all of the interests in Government which are 
needed for the development of sound standards. It may be necessary 
to broaden the authority of the Federal Radiation Council to include 
this function. It also may be necessary to extend its authority in 
order that the working organizations within the Council may be able 
to call upon the necessary consultants both inside and outside of 
Government to assist them in reaching their decisions. 

The foregoing raises a question as to where the National Committee 
on Radiation Protection and its international counterpart, the Inter- 
national Committee on Radiation Protection and Units fit into the 

icture when an official Government agency is charged with the 
ormulation of radiation protective standards. Since these com- 
mittees possess a great welath of scientific competence, it is clear that 
they have great usefulness in an advisory capacity to any official for- 
mulating body. Also, the fact that these agencies are essentially 
nonofficial and therefore independent of the pressures of groups with 
special interests, the advice of these committees may be expected 
to be especially valuable. Since these committees are also purely 
scientific in nature, however, the advice and counsel of other expert 
groups and individuals in law, industrial management, labor, political 
science and economics should also be freely sought. 

The establishment and application of effective protective standards 
in the field of radiation safety requires, of course, more than just a 
formulating body, regardless of how great may be its competence. 
It is well known that there are many gaps in the scientific data which 
such a body must depend upon in order that it perform its best work. 
It is therefore essential that all possible assistance be given to govern- 
mental laboratories, universities, and other research organizations in 
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order that they may pursue scientific research on the biological effects 
of ionizing radiation as vigorously as possible. Also, radiation stand- 
ards may not be effectively applied unless an adequate number of 
well-qualified men are available to supervise radiation safety opera- 
tions throughout the Nation. Unfortunately, at the present time, 
there is an inadequate number of such people available for regulatory 
programs in radiation control and it is therefore important that the 
Government give increasing attention to the training of men who plan 
to become radiation safety officers. The same plea may also be made 
for men who intend to embark upon serious careers in radiation 
research. 

In its report to the Surgeon General of the Public Health Service 
last year, the National Advisory Committee on Radiation indicated 
a need for 1,200 radiation health experts and 4,000 radiation tech- 
nicians by 1970. It is hoped that the Division of Radiological Health 
of the Public Health Service may be soon granted authority to provide 
training grants to universities with schools of engineering, public 
health, and medicine in order that these men may be developed. 
With an adequate research and training program in this country, 
and with the establishment of an official body whose wisdom and 
competence embrace a broad spectrum of human activity both in 
science and civics, one should have little fear that over the years, 


radiation protective standards will be well formulated and soundly 
applied. 
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FALLOUT AND RADIATION STANDARDS 


(By Walter Selove, Department of Physics, University of 
Pennsylvania) 
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INTRODUCTION 


Fallout from nuclear tests continues to concern a very great num- 
ber of people, including many who understand the facts clearly. The 
principal reason has been given many times. It is concerned with 
what constitutes a ‘‘tolerable”’ level of fallout radiation. 

Why should there continue to be so much confusion as to what is a 
tolerable level of fallout? It is difficult enough to try to set tolerance 
levels for low-level radiation in general, as these several days of hear- 
ings will witness, but it is much more difficult still to try to set a tol- 
erance level for fallout. These hearings will make a considerable 
contribution if they clarify this point: No “permissible” level for 
fallout can be drawn directly from recommendations of scientific 
groups. Rather, the decision as to what fallout level is acceptable 
must be made by Congress itself. 


FALLOUT COMPARED TO OTHER HAZARDS 


I wish to discuss separately two different aspects of the problem of 
applying radiation standards to fallout. The first concerns the ques- 
tion as to who should set the “permissible level’? for any further 
fallout from weapons tests. 

Fallout from past tests represents a smaller hazard than other con- 
trollable and reducible hazards to which we are exposed. But its 
impact on people is quite different from that of other hazards. The 
difference has to do with the relatively great difficulty of weighing 
benefits against damage in the case of weapons tests and fallout. 

In contrast to the case for other radiation hazards, for example, no 
scientific group can properly be expected to make very specific recom- 
mendations as to what constitutes a tolerable dose. The problem is 
that whereas in the case of medical X-ray exposure, or industrial 
processes releasing radioactive material as a side effect, benefits can 
be weighed against deleterious effects, such a weighing cannot be 
carried out by scientists in the case of fallout. 

We may try to compare the impact on people—the degree of un- 
ease—produced on the one hand by fallout effects, and on the other 
hand by other controllable low-level widespread hazards. 

Example 1: Smog.—Until quite recently, smog has been accepted 
rather matter of factly, as a tolerable cost of urban living. An essen- 
tial difference from fallout is that smog can readily be escaped by the 
voluntary action of moving. 

Example 2: Food additives.—This would seem to be a case where a 
low-level widespread hazard, of rather unknown dimensions, has gone 
relatively unnoticed until recently. However, we are now seeing in- 
creasing concern with this problem. 
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Example 3: Military accidents—for example, military plane crashes 
causing death and injury to ciwilians.—This is perhaps a hazard most 
closely comparable with fallout from tests, in terms of the probable 
magnitude of the effects and the direct connection with military activ- 
ity. But there are nevertheless strong differences between this hazard 
and that from fallout. 

(1) The hazard from accidents can be shut off immediately, at any 
desired time; in contrast, fallout has an extended long-term effect. 

(2) The damage from accidents is at once visible; the damage 
from fallout has a more uncertain nature, and thereby perhaps tends 
to produce more unease, and a wider impact. If 100 people a year in 
the United States may be developing leukemia from fallout (perhaps 
none are) then all of the 10,000 or so people who die of leukemia each 
year in the United States may think they have been possibly injured 
by fallout. 

But perhaps the biggest difference between fallout and other con- 
trollable hazards has to do with the fact that in the case of fallout the 
activities of one nation result in injury to the populations of other 
nations. It is particularly because the effects extend outside the 
testing country that the concept of a permissible level cannot be 
applied to fallout in any simple way. 

It must be emphasized that the effects of fallout, at the levels prod- 
uced by past tests, are not grave. But they are also not negligible. 
How should these effects outside our own country be weighed in deci- 
sions concerning further tests? 

Congress represents and acts for the American people. On matters 
such as the carrying out of further tests, it is the responsibility of 
Congress to make decisions in such manner as to further the security 
of this country. Insofar as nuclear tests, and fallout, are concerned, 
the problem is a complex one. On the one hand, if the contribution 
of further nuclear weapons development to our security promises to 
outweigh the damage resulting from fallout in this country and else- 
where, then it is clearly the responsibility of Congress, and of the 
administration, to continue such tests. On the other hand, we should 
be clearly mindful of the magnitude of fallout effects produced in 
countries outside the testing country. These effects on outside coun- 
tries are not negligible, either in a physical or a psychological sense, 
and they must be recognized as one of the costs to this country of any 
decision on testing which would lead to appreciable further fallout. 
It should be especially noted that hundreds of millions of people in 
the rest of the world receive more fallout exposure than the U.S. popu- 
lation ; and the amount of exposure in the United States is by no means 
negligible. 


THE PERSONAL IMPACT OF FALLOUT EFFECTS 


A question of some importance is: just how much personal impact 
results from a given level of fallout. Let me draw from an earlier 
comment on this matter, and discuss certain so-called hotspot effects 
as an example of personal impact. 

This will be a very personal comment on my own personal reaction 
to present information on hotspot fallout levels. As I said in the 
earlier comment, I am sorry to bring in such a closely personal evalua- 
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tion, and I do so only because I do not know of any better way to 
illustrate my point. 

AEC data reported during the fallout hearings last year indicated 
that some wheat and bread purchased off the shelf in New York City 
contained quite high Sr * levels. Clearly, one can expect to encounter 
these unusually high levels, in some food, anywhere in the country, 
even though only limited areas received hotspot fallout. 

Now whole wheat bread and flour was particularly high. It happens 
that whole wheat bread is my favorite bread. When I saw the levels 
that were found in some samples, I asked myself whether they were 
high enough to cause me to avoid whole wheat bread. 

My answer was the following. Present information indicates that 
if no further fallout material is released into the atmosphere, then 
Sr” levels in cereal products will drop off from the peak levels so far 
encountered. In this case, I would not consider the Sr® in whole 
wheat to be an undue hazard. If explosions producing appreciable 
fallout were to again take place, however, I would want to keep a close 
eye on Sr ® levels in food ; and if high peak (not average) levels in whole 
wheat continued to occur, as I would expect would be true, then I 
would probably, with some reluctance, cut down my consumption 
of this food. 

I must stress that this is a very personal evaluation. Other per- 
sons, studying the same data, might reach a quite different evaluation. 

The point I wish to make is that the peak levels of fallout in food 
may be expected to have a major impact on people, and not just the 
average levels. This is likely to be true if the peak levels are dis- 
tributed in such a way as to be possibly encountered by anyone in 
a large population. 

These comments are not meant to argue that fallout effects consti- 
tute an overwhelming reason for trying to achieve a nuclear test 
cessation. It would not be appropriate to discuss here the larger 
question of a test cessation. I merely wish to bring out some of the 
aspects of the damage resulting from fallout. As I have explained 
in more detail on a previous occasion, it appears to me that fallout 
levels from past tests have reached the point where any appreciable 
further addition would be legitimate cause for concern by very large 
numbers of people—tens or hundreds of millions, both in the testing 
countries and throughout the rest of the world. 


PERMISSIBLE LEVEL FOR FUTURE FALLOUT 


In this discussion of the special nature of fallout radiation, we 
come back to the important problem: Who should set a ‘“‘permissible 
level” for fallout? I believe that one of the very most important 
results that should come out of these hearings is the realization, on 
the part of both Congress and the public, that no group of scientists 
can set a permissible level for further fallout. The decision as to 
whether any given amount of further fallout is tolerable must be 
made by the governments involved. 

I should like to give an example of the kind of improper conclusions 
that can result from an attempt to take radiation standards estab- 
lished for other purposes and apply them in some simple way to fallout. 

Last year, the National Committee on Radiation Protection an- 
nounced a new set of recommendations concerning maximum per- 
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missible exposures. No specific recommendation for the case of pop- 
ulationwide exposure was given, and the difficulty of making such a 
recommendation was stated. The NCRP announcement did, how- 
ever, tentatively recommend the continued use of a tenfold reduction 
factor to convert from occupational permissible levels to large-popu- 
lation permissible levels. (Note.—large population, not whole popu- 
lation.) Included in the new recommendations was a doubling of 
the occupational permissible body burden for strontium 90, and the 
announcement was read by many news reporters as indicating a 
doubling of the maximum permissible dose of strontium 90 on a 
populationwide basis. 

It is useful to consider the numbers of people who might be injured 
by fallout if this tentative recommendation of the NCRP for large- 
population permissible exposure were to be applied in the case of 
fallout. If this procedure were to be applied in the case of strontium 
90, for example, one would obtain a 200-strontium unit level as a 
large-population permissible dose. 

Now 200 strontium units in the bones corresponds to a dose rate 
several times as high as the ‘natural background” dose rate. If 
natural background produces some 10 percent of leukemia and bone 
cancer cases (this is about the most pessemistic assumption that one 
can make, on the basis of present data), then a 200 strontium unit 
level might produce up to a 50-percent increase in these diseases. 
It seems very unlikely that a 50-percent increase would be considered 
acceptable by even the U.S. population. And it must be constantly 
kept in mind that hundreds of millions of people in the rest of the 
world receive more fallout exposure than the U.S. population. 

It is clear therefore that one cannot easily apply a simple procedure 
such as a tenfold, or a thirtyfold, reduction factor for ‘occupational 

ee levels,” to obtain a meaningful ‘tolerable level” for 

allout. 

The basic problem here is that in the case of fallout no group of 
scientists can set a “permissible level.” Groups of scientists, even 
those especially concerned with radiation hazards, such as the ICRP, 
cannot properly carry out the task of weighing the damage produced 
by fallout against the arguments for continuing development of 
nuclear weapons. The ICRP has recognized this fact by implication: 
Dr. Failla reported at the fallout hearings last year that fallout had 
“never been mentioned” in the ICRP. 

If Congress cannot properly ask scientists to tell it what is an 
acceptable level of fallout, it is clear that the decision as to what 
level is acceptable lies with the Members of Congress themselves. 
Because of the complex technical data involved, the major responsi- 
bility for proper congressional decisions rests with the Joint Com- 
mittee on Atomic Energy; and in fact with this very Subcommittee 
on Radiation. 


APPLICATION OF RADIATION STANDARDS TO FALLOUT FROM PAST TESTS 


I said earlier that I wished to discuss separately two aspects of the 
problem of applying radiation standards to fallout. I turn now to 
the second of these. 

f Congress cannot properly ask scientists to tell it what is an 
acceptable level for future fallout, it can properly ask for suggestions 
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as to practical procedures for dealing with fallout from past tests. I 
should like to treat this problem rather briefly, and shall note the 
following two points: 

(1) Fallout levels form past tests, while not negligible, do not 
constitute a grave hazard. I believe that if no further nuclear 
explosions producing substantial radioactive fallout occur, then no 
one need fear eating any food because of fallout contamination. I 
would qualify this only by the remark that even if no further fallout 
is produced, a careful check should be continued for some time on 
fallout levels in food, and the measurements should be extended to 
additional areas where fallout levels may be unusually high. 

(2) The question arises as to the possible advisability of initiating 
procedures to remove existing fallout material from food. In this 
regard, it seems to me that exploratory work aimed at effective pro- 
cedures is certainly appropriate. Before any decision as to a large- 
scale program for removal of fallout from food could be reached, a 
study should be made of the relative importance of a fallout-removal 
program and other possible programs offering comparable reduction 
of overall damage to the population. One would like to know, for 
example, whether with the available manpower and money it would 
be more useful to first institute a program of fallout removal or instead 
a program of removal of radium from unusually contaminated water 
supplies; or perhaps a program of removal or even more extensive 
policing of food additives. 


SUMMARY AND CONCLUDING REMARKS 


Fallout levels from past tests do not constitute a grave hazard. 
However, I believe that any appreciable further addition to present 
fallout levels would be legitimate cause for concern by very large 
nae of people—tens or hundreds of millions, throughout the 
world. 

The balancing of presumed advantages from nuclear weapons devel- 
opment against damage from fallout cannot be properly assigned to 
scientists. The problem of establishing an “acceptable level” for 
fallout, particularly with reference to fallout from any future weapons 
tests, is basically a political question. 

Very considerable confusion has resulted in the public because of 
the misapplication, to fallout, of radiation standards established for 
other purposes. This has happened in spite of some cautioning 
remarks made by such groups as the NCRP. One can only urge 
such groups to be even more careful to emphasize that radiation 
tolerance criteria established for such purposes as controlling indus- 
iw processes or radioactive waste cannot be directly applied to 
allout. 

The decision as to what is an acceptable level for any future fallout 
from weapons tests must be made, in this country, by Congress itself; 
and in this decision the major responsibility lies with the Joint Com- 
mittee on Atomic Energy. 
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RADIATION PROTECTION CRITERIA AND STANDARDS: 


THEIR BASIS AND USE 
(By Charles R. Williams, Ph. D., Boston, Mass.) 


The problem of criteria or standards in the field of occupational 
health is one which has been developing for about 20 years. A rather 
complete summary of the American approach to such standards in 
the field of occupational disease, including toxic materials, noise, and 
radiation is covered in the attached document ‘“‘Hygienic Standards 
in the Field of Occupational Health” presented by the author at the 
International Congress on Occupational Health, Helsinki, Finland, 
July 1957. Basically there is little difference in the approach to all 
of these various potentially harmful agents. The factors which set 
radiation aside from the others are, first, the fact that radiation of 
various types is used extensively for medical purposes where the ex- 
posure is deliberate and for a predetermined reason; second, debris 
from nuclear detonations in air which produce exposures of a small but 
definite order of magnitude on a worldwide basis. These become im- 
portant chiefly in the borderline areas of long delayed effects, shorten- 
ing of the lifespan, and genetic effects. The proof of the existence of 
most of these is the statistical extension of animal data and some hu- 
man statistical studies. 

Thus, while we are concerned with occupational exposures we cannot 
ignore medical and other exposures in any overall evaluation of radia- 
tion criteria or standards. 

With these noted exceptions it is desirable to discuss problems of 
criteria or standards for all potentially hazardous materials on the 
same general basis. There are several important basic concepts which 
— be clearly understood if this problem is to be handled intelli- 
gently: 

Inasmuch as we are dealing with exposures to humans who are 
notoriously nonuniform it is fairly obvious that it is difficult, if 
not impossible, to draw a sharp line between a safe and an unsafe 
dose for any individual. 

We have an additional variable with both toxic materials and 
physical agents; namely, effects produced may be either acute or 
chronic. The differences in the exposure required to produce 
these two different effects are variable from substance to sub- 
stance. When a number is selected, by whatever technique, it is 
generally intended that from a chronic point of view, exposure 
of the stated levels will not produce detectable injury as a result 
-- continuous 8-hour-a-day exposure throughout a man’s working 

ife. 

Another important consideration is related to the fact that, as 
has been indicated above, there may be a difference between 
levels of exposure and hazard. This is because of the fact that 
one should consider the consequences of an Overexposure as one of 
the important factors in determining hazard. For example, in the 
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field of toxic materials a slight overexposure to a narcotic is 
potentially much more serious than a slight overexposure to an 
iritant gas. 

In the light of our present knowledge and techniques for exam- 
ination of both the environment and the physiological effects of 
overexposure to radiation and other harmful agents we cannot get 
precise values which are valid for individuals. The true useful- 
ness of such standards, however, is their utilization in protection 
against overexposure. 

It should be stressed that in all cases standards should be con- 
sidered as levels not to be exceeded and not values to be attained. 
They are basically, in the protection field, guides to be utilized 
in developing methods of protection against overexposure. 

The chronic effects of radiation injury may be the same as those 
from other causes (leukemia, cancer of various types, etc.). 

It has been proposed by such writers as Smyth (AIHA Quarterly, 
vol. 17, pp. 129-185, June 1956) that with chemicals it is desirable to 
supply substantially more information than a level which is considered 
safe. He suggests that any list of standards should include the most 
important physiological effect produced by the offending agent; the 
physiological effect to be expected at the established threshold; the 
physiological effect at twice threshold and at 10 times threshold. He 
suggests further that if there be any other important hazards they be 
listed. Another suggestion which is made repeatedly by many people 
involved in standards work is related to the fact that supporting data 
or evidence for the standard should be provided in some readily avail- 
able manner. There are many toxic materials for which so-called 
standards have been established (perhaps 10 or 15 years ago) but all 
evidence as to the reason for the standard has disappeared. For- 
tunately this is not universally true. 

It is equally important that in addition to the information mentioned 
above that the nature of the evidence used—animal experimental work, 
experience on humans, calculations or the use of analogy with other 
suhtaeniied wabeoih be indicated. 

In the industrial radiation field the problem of protection falls into 
two categories: the first of these is protection against overexposure 
from an internal source which may irradiate an individual locally or 
over his whole body; the second is the more difficult problem of pro- 
tecting industrial workers from overexposure as a result of the inhala- 
tion, ingestion, or uptake through wounds, the result of which is the 
deposition of radioactive materials within the body. The application 
of standards in the protection of industrial personnel, then, are little 
different from the application of standards relating to other harmful 
industrial agents such as toxic chemicals, noise, abnormal tempera- 
tures, and pressures, etc. The purpose of the standards is to attempt 
to provide an engineering guideline to be used in establishing the 
method of protection, whether it be shielding, ventilation or time or 
distance, in order to provide an environment in which employees will 
not be overexposed. 

In the event one is considering exposures to the general population 
one must consider other factors which will be discussed later. 

The problem of radiation protection, particularly in the field of 
inhalation of radioactive materials, is more complex than dealing with 
any specific toxic chemical. One must really consider individual 
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isotopes and their predicted behavior when metabolized in order to 
evaluate a standard for such an isotope. This is another example of 
the necessity for considering the consequences of an overexposure as 
one of the factors in discussing a hazard. 

In summary, one must examine all possible facets in establishing 
radiation criteria. This is particularly true since those who develop 
criteria are rarely those who use or enforce them. For example, in 
radiation the following considerations are significant: 

Whole body versus localized exposure: The consequences of 
these are widely different. 

External versus internal doses: These are interrelated with the 
above. There may be whole body or local external exposures and 
whole body or local internal doses. 

Chronic versus acute doses: Large, single, acute overexposures 
may produce obvious effects such as burns, epilation, blood 
changes, while the effects of low level chronic exposure will not be 
immediately obvious and years later it will be virtually impossible 
to prove a causal connection. The statistical approach is neces- 
sary here. 

Exposure versus time: It has been well established in radiation 
therapy that by giving divided doses over an extended period of 
time it is possible to deliver a much larger total dose than would 
otherwise be possible. 

In dealing with multiple source (mixed isotopes) internal ex- 
posures the problem is greatly complicated. (See NBS Handbook 
69, pp. 18-20.) 

Thus, since many of our criteria are based on judgment of experi- 
enced individuals, it is vital that the evidence for all numbers be given. 

Radiation criteria or standards fall generally into two basic cate- 
gories: 

Levels of hazardous materials which are deemed acceptable. 
This would include information such as that contained in NBS 
Handbook 69 where there is an extensive list of levels of various 
isotopes which are acceptable in various organs of the body. 
In this type of standard no suggestion is made of the means of 
attaining the indicated levels. It may include administrative, 
monitoring, or medical control suggestions. 

The so-called performance standards are those which set forth 
the specific means of providing protection. These are likely to 
be in code form. 

These are usually established, in the United States, by groups of 
experts associated with such organizations as ASA, NCRP, ASTM, 
etc. These groups prepare material which is generally considered as 
recommendations. They become binding only when adopted, in 
direct or modified form, by some agency capable of enforcing them 
(Federal, State, or municipal). 

_One of the most confusing aspects of the radiation standards 
situation in the United States is related to the fact that, while the 
basic numbers, such as those in 10 CFR 20; NBS Handbook 69; ete., 
are widly used in codes and regulations, there may be significant 
differences in the performance aspects of such codes and regulations. 

In discussing the so-called basic philosophy behind radiation 

rotection criteria or standards one should bear in mind the varia- 

ilities mentioned above. In selecting the numbers, it is entirely 
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possible that a “philosophy of risk’? may have been used. It would 
appear, however, that the repeated lowering of exposure numbers is 
based on a “population risk’ rather than on an individual risk. 
The questions of “graded risk” or “‘allocated risk,” if 1 understand 
them correctly, are problems associated with application of standards 
rather than development of standards. As has ion stated previously, 
these points of view may be quite different. 

It should be stressed again that the most serious difficulties are 
caused by application of the numbers related to long-term effects, 
genetic effects, and the like. There is little, if any, positive human 
evidence in this area. As a matter of fact, when one considers the 
tremendous potential exposure, the amount of demonstrated radiation 
injury has been small. 

The public is confused about radiation problems because of over- 
emphasis on radiation incidents, because of association of radiation 
with weapons, and because of the general inability of the public to 
understand all of the ramifications of radiation damage. The 
nebulous nature of a great deal of the technical evidence behind many 
of our standards would make it of doubtful value in explaining the 
problem to the public. It would be more helpful to attempt to cover 
the philosophy of standardization, to emphasize the qualifications of 
the individuals and groups working in the area, and to attempt to be 
considerably more factual in discussing any radiation incidents 
which might occur. 


WHAT GROUPS ARE INTERESTED IN RADIATION PROTECTION CRITERIA 
OR STANDARDS AND WHO DEVELOPS THEM 


It will be noted that on a historical basis, in the radiation field, 
NCRP and ICRP are the two groups which have developed the num- 
bers used in standards such as 10 CFR 20 and NBS Handbook 69. 
Example of performance type of standards are those issued by some 
of the States (New York, Massachusetts—see Atomic Industrial 
Forum, “State Activities in Atomic Energy,” August 1954—July 
1958); the American Standards Association (Z54; N 7.1). 

The situation with regard to governmental agencies at all levels is 
extremely confusing. ‘The AEC has certain responsibilities under the 
Atomic Energy Act and has authority to establish and enforce regula- 
tions in specific areas. 

The Public Health Service has to date been working most effec- 
tively with several States in establishing programs associated with 
radiation protection and training of personnel. In the standards 
field the PHS has had representation on national and internation 
committees. The National Bureau of Standards and the Civil 
Aeronautics Board are under the Department of Commerce. Both 
of these groups have problems in the radiation field. The NBS 
has sponsored the NCRP and has published an extensive series of 
handbooks which relate to radiation protection. A complete list of 
these handbooks should be available to the committee. 

Several other departmental agencies including DOD, Labor, 
Bureau of Mines, etc., in general, seem to defer to the AEC. None 
of these agencies have assumed a responsibility in the development of 
standards and criteria, but all have had representation on several 
ASA and NCRP committees. This is, of course, a desirable trend. 
It is preferable to have all of the Federal agencies banded together 
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in establishing criteria for radiological safety than to have each of 
several agencies acting independently. 

The situation within the States is equally spotty. (See reference 
above—AIF.) Some of the more forward-looking States have for 
many years had regulations or codes of one sort or another in the 
radiation field. These have been included in either health depart- 
ments or labor departments, depending upon jurisdictions within 
individual States. In some instances, such as Texas, National Bureau 
of Standards Handbook 61 was adopted practically verbatim. In 
the case of Massachusetts, Industrial Bulletin No. 5, ‘‘Rules and 
Regulations for the Protection of the Health and Safety of Employees 
From Occupational Disease Caused by Ionizing Radiation,’ deals 
with registration of industrial radiation installations, employees, 
maximum permissible exposures, surveys, records, warning signs and 
labels, storage, medical examinations, general requirements, and 
exemptions. Portions of NBS Handbook 61 have been utilized in 
this code. 

Most of the States have definitely been looking to existing informa- 
tion for the development of either codes or standards designed to 
protect both the industrial and general populations. 

In addition to the State activities mentioned above it should also be 

pointed out that several municipalities have taken some steps in the 
regulatory field, largely on a very narrow basis. 
. Such groups as the Atomic Industrial Forum and associations of 
industries operating on a national basis have been instrumental in 
attempting to obtain some uniformity among the States in such 
regulations. To a large degree this has been achieved. The greatest 
problem, however, has been the failure of many States to enter the 
standardization field. 

The work of the American Standards Association is being discussed 
in some detail by Mr. R. G. McAllister, chairman of the ASA Sec- 
tional Committee N 7. This is a sectional committee primarily 
concerned with health and safety standards although there are 
several other sectional committees under the Nuclear Standards 
Board of ASA which become involved with health and safety matters 
incidental to the standards on which they are working. 


WHAT ARE THE BASIC CONCEPTS UNDERLYING RADIATION PROTECTION 
CRITERIA AND STANDARDS? 


Concepts —primarily social and economic and concepts of policy 

The paper mentioned previously, ‘(Hygienic Standards in the Field 
of Occupational Health” gives a rather detailed discussion of the 
development of standards and their utilization in the prevention of 
occupational disease. In addition to this approach for toxic materials 
it might also be pertinent to point out that there are many safety 
standards developed under the auspices of the ASA which deal wit 
the prevention of accidental injury. The vast majority of these 
standards are developed through the usual ASA techniques. 

As has been pointed out above, in many kinds of standards work the 
people with biological background and knowledge frequently establish 
safe levels—but rarely have the responsibility of having to live with 
them. Rarely, if ever, do these scientists consider elements of cost, 
of risk, or benefits in establishing criteria for taxic materials. This is as 
it should be. Attempts are made to gather all possible factual in- 
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formation—from animal experiments, from human experience, if 
any—and by using the best possible judgment to establish what is 
considered a safe level of exposure. hese values for various toxic 
materials are reviewed annually by a committee of the American 
Conference of Governmental Industrial Hygienists. They are 
changed whenever the evidence justifies change. Perhaps the most 
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spectacular example of a radical change in MAC which shocked an | 


industry into vigorous activity was the action of Dr. Alice Hamilton 
in the 1930’s forcing a lowering of the MAC for carbon disulfide from 


50 to 20 p.p.m. as a result of a published report of CS, poisoning in the | 


viscose rayon industry. After the passing of the first shock, the in- 
dustry accepted the challenge —and the new standard —and engineered 
their operations to meet the new, lower level. 


In my opinion, economies or cost should have no influence on setting | 


safe levels. Values should be established on the basis of the best 
available data, and the evidence set forth fully, for all to see. 


It has long been my contention that the fundamental approaches | 
to the development of standards for radiation should not be different | 
than those for other hazards. Any differences should be based on the | 


major problems set forth earlier in this statement. We are handi- 
capped in setting safe levels for radiation exposure, particularly in the 
area of internal doses by the very incomplete status of our knowledge 


of the harmful effects of radiation. Difficulties have increased by | 


leaps and bounds as MPD’s were pushed lower and lower—and at the 


same time farther and farther away from the area of knowledge. | 


Our latest version of safe levels is based on new calculations, genetic 
theory, theoretical effects of various kinds of radiation on different 


organs, the “average man’’—and then all of this is tied to specific [ 


individuals for whole body radiation by attempting to correlate 
exposure to the individual’s age. 
o complicate matters even further, there is no standardization of 


methods of determining actual es no way to measure internal | 


dose corresponding to values in 
report—‘‘less than 10 mr’ or “less than 20 mr’’ on an unexposed 


andbook 69. Film badge services | 


badge. Over a 12-month period an “accumulated dose of less than [ 


240 mr’’ has been reported on individuals with no exposure. Great 
improvement is needed in all monitoring standardization, if our 
attempts at control of radiation hazard through the use of radiation 
standards is to succeed. 


Once the basic criteria have been established and accepted, the | 


question of economics can then be brought in as decisions are made as 
to how an operztion can be designed or engineered to proceed within 
the established criteria. This is the only place economics or cost 
should enter the radiological safety field. 

The greatest problem which now exists in the radiation standards 
field is to find some way to reverse the present trend toward making 
such standards so cumbersome and so confusing as to become impos 


sible to apply. A standard which is ignored is almost worse than no | 


standard. Once the movement into the great unknown has been 
stopped we should reexamine our position and get down to the business 
of developing usable standards. At the same time some means 
providing uniform, valid measurements—at the levels which are 
established as criteria for safety—should be developed. 
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Concepis of practical application 

These questions strike at the core of the standards problem. Unless 
they are accepted by a substantial majority of authorities in the field 
and unless they can be applied, standards will not be very helpful. 
Actually, whether standards are necessary to control hazards of an 
kind or not is related to a large degree to knowledge of the hazard. 
During the period when a new hazard develo there is a loud clamor 
for standards. This, of course, is the period when the least is known 
of the hazard. This happened with beryllium during the late 1930’s 
and early 1940’s. It happened with the boron fuels during the past 
5 years. It is certainly a now in the radiation field. As 
knowledge develops, as the hazard becomes understood—the demand, 
even the need for standards becomes less acute. The reason for this 
is because operators have to learn to live safely with such hazards. 
During this second era, compliance becomes customary and only the 
careless or ignorant have to be reminded of their responsibilities. 

From the standpoint of acceptance and compliance with standards 
they must be as straightforward and clear as possible. This is one 
of the chief difficulties with current MPD’s—and thus the standards 
on which they are based. 

Uniformity of regulation from one jurisdiction to another is quite 
essential in an economy as extensive and diverse as that in the United 
States. Most State and local jurisdictions do not have personnel to 
establish safe levels in the radiation field—and use either 10 CFR 20 
or Handbook 61 and Handbook 69 as guides. These are the funda- 
mental areas where uniformity is essential, particularly to companies 
having operations in several jurisdictions. 

One of the most confusing aspects of current radiation standards 
(MPD’s), to the uninitiated, is the provision allowing different cate- 
gories of people to receive different amounts of exposure. In addition 
to this—medical exposures are disregarded. This is an extremely 
unrealistic point of view—for medical radiation is just as damaging 
as any other kind and must be included in any accumulation records 
which are kept. These weaknesses are very real and must be resolved. 

The additional problem of considering other, minute exposures as 
part of the cami dilemma is related to the most nebulous areas of 
radiation injury—genetic effects, shortening of life, delayed disease 
process of various types. Evidence for these is, of necessity, statistical 
and as has been indicated, difficult to apply to individuals. This 
‘introduces another use of standards which is, in the light of present 
knowledge, wholly unacceptable from a scientific point of view. I 
refer to attempting to utilize the numbers in MPD’s as evidence of 
injury. Many of the long-term effects of radiation can also occur 
from other causes. Attempting to connect every leukemia case with 
radiation can only produce false statistics which will lead to still 
lower radiation MPD’s and thus to still more potential cases. There 
is & great need for answers from medical research into all possible 
causes of the kinds of injury which can result from radiation. 


ORGANIZATIONAL, ADMINISTRATIVE, AND LEGISLATIVE REGULATIONS 


In summary our pressing needs in the radiation protection field can 
be listed, in part, as follows: 
1. A simplification of the present approach in development of 
maximum permissible doses. 
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2. A set of basic ground rules should be established to delineate 
the areas of need and to standardize the kinds of standardization 
to be developed. 

3. Standardization in the fields of radiation monitoring, sam- 
pling of air, water, etc., and in bioassay techniques. These are 
in a neglected, essential area of standardization. 

4. Either consolidation or improved coordination between the 
many groups engaged in the development of standards. 

5. Resolution of the question of the decentralization of author- 
ity and enforcement of codes and regulations. 

6. Some means of providing a stability, particularly in the 
publication of maximum permissible dose lpieka The frequent, 
radical changes which have taken place during the past few years 
have done much to undermine the validity of such levels. 

7. Closer coordination between developers of radiation stand- 
ards (MPD) and those who must apply them. 

If one assumes the existence of a valid set of criteria or standards, 
one must then face administrative and enforcement problems. 

One set of administrative problems exists at the plant management 
level. For here is the primary responsibility for assuring the health 
and safety of employees. If the proper decisions are always made 
here, there would be little need for enforcement. 

Within local jurisdictions (municipal and State—harbor officials, 
etc.) codes may be drawn up based on existing knowledge. These 
may cover problems associated with local situations—fire regulations, 
transportation regulations, factory health and safety regulations and 
public health problems related to air and stream pollution. Many of 
these Stat2 end municipal authorities utilize available scientists as 
consultants in the development of codes and regulations. The quality 
of enforcement is the result of the type of code and competence of 
inspectors. 


Perhaps the most valuable role of the Federal Government is in 


assuming responsibility for establishing a sound basis for standards. 
This could involve utilization of the Federal Radiation Council to 
seek out areas in which there is a need for valid medical data and to 
encourage and support the speedy collection of such data. 


In addition, the Federal Government has a public health responsi- | 


bility, particularly in the fields of interstate transportation of radio- 
active materials, interstate or international air and stream pollution 
which must be resolved. 

Because of the fact that the radiation problem has spread so deeply 
through the entire medical and industrial environments of the country, 
it can be most effectively controlled only by active participation at all 
levels—private and governmental. 

If a practical, workable set of standards can be developed they can 
be utilized by all—industry and Government alike. ‘There will then 
emerge a difficulty which has been more and more apparent as tie 
utilization of radiation has expanded—that of a lack of trained man- 
power in radiological safety field. The solution of this would give us 
the necessary tools to protect the people of the United States from 
radiation injury: 

Sound, workable standards. 
Valid standardized methods of evaluation. 
Sufficient numbers of competent manpower. 
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INTERNATIONAL CONGRESS OM OCCUPATIONAL HEALTH 


CONGRES INTERNATIONAL DE MEDECINE DU TRAVAIL REPRINTS 
INTERMATIOMALER KONGRESS FUR ARBEITSMEDIZIN TIRAGES A PART 
CONGRESSO INTERNAZIONALE DI MEDICINA DEL LAVORO 

CONGRESSO INTERNACIONAL DA MEDICINA DO TRABALHO SONDERDRUCKE 
CONGRESO INTERNACIONAL DE MEDICINA DEL TRABAJO TIRADAS A PARTE 


HELSINKI 1.-6. 7. 1957 


02.2 HYGIENIC STANDARDS IN THE FIELD OF OCCUPATIONAL 
HEALTH 


by CHarLtes R. Wituiams (U 8 A) 


The operations of modern industry provide many sources of materials 
which may be harmful to exposed workers. There may also be health prob- 
lems from excessive radiation, excessive noise, excessive heat or other 
physical agents. It would, of course, be desirable if industrial operations 
could be so conducted that there was no possibility of exposure to any of 
these things. In our present state of knowledge such conditions would be 
estremely difficult to attain. Furthermore, it has been reasonably well 
established that the human organism can tolerate certain minimal expo- 
sures to various foreign materials. This is a well established principle in 
the field of medicine. Physicians are constantly prescribing small amounts 
of drugs for the treatment of human ills. Most of these would prove harmful 
and even fatal in larger doses. Thus in the field of pharmacology, one of 
the most important activities is to determine the quantities of drugs which 
can be used safely. In occupational health it is equally necessary to determine 
levels of exposure to toxic materials and to physical agents which can be 
tolerated without injury by industrial workers. Obviously such criteria 
should be maxima not to be exceeded and not levels to be attained. 

. While the basic objectives of all those who use such standards are the 
same — the prevention of occupational clisease — interpretations and appli- 
cation may vary. Many state and other governmental agencies utilize these 
standards as an aid in screening the large numbers of industrial operations 
under their jurisdiction. Others tend to apply them with force of law. In 
private industry they are used as engineering guides in estimating possible 
hazards; in evaluating the effectiveness of any control measures which may be 
taken; as a means of comparing toxicity of several materials and for medical 
control purposes. Regardless of the methods of application, such guides or 
standards are absolutely essential for an intelligent approach to the control 
of occupational disease. Inasmuch as the approach is somewhat different 
for toxic materials, noise and radiation, each will be discussed separately. 
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Hygienic Standards for Daily Inhalation 
Hi.‘ orical 


listorically, safe levels were first proposed for specific materials by 
individuals publishing the results of their research in the scientific literature. 
In 1941 the American Standards Association, a private organization rep- 
resenting American industry, formed the Z37 Committee made up of author- 
ities in every phase of occupational health. The stated scope of the project 
was — »To determine, establish and promulgate the allowable concentra- 
tion limits of harmful gases, vapors, fumes, dusts and mists, and other 
subjects related to the allowable concentration limits of such substances 
to the atmosphere of working places from the viewpoint of occupational 
disease prevention» (1)*. This Committee has released a series of individual 
reports on several toxic materials. These reports include the scope, pro- 
properties of the substance, methods of sampling and analysis and a bibliog- 
raphy. To date there have been 15 such standards published, the last of 
which was issued in 1949. This group has resumed activity and will under- 
take a review of some of its existing standards as well as issuing standards 
on additional substances. 

In 1943 the United States Public Health Service (2) published, in a 
manual, a list of standards which represented the judgment of many people 
as well as the experience of this organization. The first attempt to demon- 
strate the validity of each proposed safe level was made by Cook (3) in 
1945 when he assembled a list of standards and included with the list a 
summary of information from the literature to support each value. 

The American Conference of Governmental Industrial Hygienists pub- 
lished its first list of »threshold limits» in 1947 (4). These values represented 
the consensus of a committee of qualified experts. They have been reviewed 
and brought up to date annually. Since 1950 the list has been published 
each year in the Archives of Industrial Health. The 1956 list (5) contains 
values for 151 gases and vapors, 54 dusts, fumes and mists, and 13 mineral 
dusts. In addition there are 33 so-called tentative values. The committee 
on chemical agents in its report to the Ninth Annual Conference of Industrial 
Health (U. 8. — 1949) made several suggestions in regard to the problem 
of threshold limits. Probably the most important of these was that con- 
siderably more supporting information should be supplied with any pub- 
lished list of so-called safe levels. In a report to the American Industrial 
Hygiene Association in April 1956 Smyth (6) made several concrete sug- 
gestions in this regard. He proposed that lists of standards should contain 
information as to the most important physiologic effect of inhalation; the 
physiologic effect at threshold; the effect at twice threshold and at 10 times 
threshold. In addition, he suggested listing of important hazards other 


*) Numbers refer to bibliography. 
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than inhalation effects; the nature of the supporting data and the year the 
standard was proposed. Such an approach should clarify the significance 
and vastly increase the usefulness of such standards. 

The most recent contribution in providing more complete information 
as an aid to an intelligent use of standards is the publication of the Hygienic 
Guide Series by the American Industrial Hygiene Association. In this 
series there is a sheet for each material which includes information as to 
recommended maximum atmospheric concentrations; severity of hazard 
(both health and fire); the short exposure tolerance; atmospheric concen- 
trations immediately hazardous to life; physical and chemical properties. 
Under the heading »Industrial Hygiene Practices, brief statements as to 
recognition; evaluation of exposure and recommended control procedures 
are given. Also under the heading »Specific Procedures» suggestions are 
made for first aid, prophylactic procedures, and special medical procedures, 
where necessary. Finally, a list of references is provided. This material 
is published in the American Industrial Hygiene Association Quarterly. 


Terminology 


Standards have been proposed by individuals and also by committees 
of athorities acting under the sponsorship of several technical organizations. 
As a result of this varied approach, many terms have been selected to de- 
scribe the suggested values. The most common reference is to »M. A. C’s». 
Just what does this mean? Originally, the term referred to »Maximum 
Allowable Concentrations». While in part it denoted legal regulation, it 
could also be interpreted to mean that it is perfectly acceptable to have 
exposures up to this level. This latter idea is contrary to the more desirable 
philosophy of keeping exposures not only below the standards, but as 
much lower as can reasonably be attained. This is true because all persons 
are not affected in the same way nor to the samé degree by toxic materials. 
These differences in susceptibility vary in a random fashion. As the con- 
centrations of a toxic material increase, the numbers of people affected 
also increase. Conversely, as the levels decrease, the number of affected 
individuals will also decrease. There may occasionally be extremely suscep- 
tible individuals who will have difficulty at levels below the standards. 
Thus, the lower the concentration of any toxic material the less the chance 
that anyone will be injured. 

The American Standards Association Z37 Committee which deals with 
with these problems, proposed using the term »Maximum Acceptable Con- 
centration». (1) The reason was to remove the legal implication of the word 
rallowable» and still retain the catch phrase — »M. A. C.» In general, little 
has been gained, for to most industrial health people »M. A. C.» still means — 
‘Maximum Allowable Concentration». 
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The American Conference of Governmental Industrial Hygienists titles 
its list »Threshold Limit Values». Here again the term »limit» implies regula- 
tion and a fine line between toxic and non-toxic. In the paragraph preceding 
the table of values, the committee goes to great length to point out that 
this is not, in fact, the case. This terminology is no more desirable than 
»oM. A. C.» 

The American Industrial Hygiene Association, in September 1955 began 
publication of the »Hygienic Guide Series». The title is in keeping with the 
recommendations of the Committee on Chemical Agents at the Ninth Annual 
Congress on Industrial Health (U. 8. — 1949). This terminology was recom- 
mended again in 1956 by Smyth (6) when he proposed »Hygienic Standard 
for Daily Inhalation». For toxic materials, the primary mode of exposure 
is by inhalation and all of our standards to date have referred to toxicity 
by this mode of entry. Because the term »Hygienic Standards» expresses 
most accurately the actual purpose of criteria in occupational health, with- 
out indicating a sharp line of demarcation with relation to hazard, the writer 
also favors its use. 


Development of Standards 


The development of valid standards in the field of occupational health 
can come about only as a result of careful, critical examination of all available 
pertinent information. It is a simple matter merely to publish a list of 
numbers an call them criteria. It is quite another matter, however, to 
provide standards which are meaningful because of the information, expe- 
rience and data which have been considered in their development. One 
cannot expect workers in the field of industrial health to accept without 
question a series of unsupported numbers as standards. 

The accepted procedure in the United States today is to assemble groups 
of individuals who are qualified by training and experience to gather together 
and examine critically all available information relative to the toxicity of 
the materials being considered. 

There are two basic kinds of information which are used in the establish- 
ment of hygienic standards. The first of these is data from animal experi- 
mental work, the second is industrial experience. 

With newer materials toxicological data resulting from animal experi- 
mental work provide the basis,for establishing tentative criteria. Such 
data must, of course, be applied with caution for it is a wellknown. fact 
that toxicological effects of various materials may be different for different 
species of animals. Extrapolation of such data, therefore, to humans must 
be done with extreme caution. Many industrial concerns, particularly 
those in the business of producing chemicals, do extensive toxicological 
testing before releasing such substances for general industrial use. These 
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studies may consist of determination of effects of eye and skin irritants; 
high level toxicity and physiological effects; long-term low level studies to 
evaluate the chronic effect. Evaluation of the kind of damage which is 
done is as important, if not more so than the levels of intake which produce 
these effects. 

To be of value such studies must be done under carefully controlled 
conditions with due consideration for variations in species of animals, sex, 
age, as well as possible synergistic effects. While data of this type may be 
far from accurate in predicting possible human effects they do provide a 
good basis for interpretation by experienced toxicologists as to what, in 
general, may be the problems to be expected from their industrial use. 

Much more useful information can be obtained from industrial expe- 
rience with toxic substances. For many of the more common chemicals 
in industrial use today we have had many years of experience in handling 
them. This experience provides valuable background and basis of judg- 
ment in establishing hygienic standards. 

There are two kinds of information to be derived from such experience. 
The most readily available and least desirable of these is related to cases 
of over-exposure in which employees were injured. Such information is of 
little value in establishing safe levels even though it does indicate con- 
centrations at which people. may be injured. The most meaningful data . 
from industry, of course, are negative. In many industrial plants toxic 
materials have been used for years without adverse effect upon the health 
of exposed workers. In many of these cases the concentrations to which 
the workers were exposed are also known. Publication of data from such 
experience would be of inestimable value to those who are attempting to 
establish hygienic standards. It is distasteful to most scientists to devote 
years of study to a problem and have only negative data to publish. Dis- 
tasteful as it may seem, publication of such data can serve to strengthen or 
if necessary to modify existing standards. 

It is also difficult to convince industrial managements on the feasibility 
of setting up long-time studies which would involve repeated physical 
examinations of exposed employees and a well-planned and executed pro- 
gram of air analysis to provide the necessary data for such a study. Exten- 
sive programs of this kind have been carried out by at least two American 
companies (7, 8) and the publication of this information has emphasized 
the importance of such contributions in the field of occupational health. 

As has already been indicated it is not sufficient merely to publish 
a list of numbers indicating what are considered to be safe levels. It is 
equally important to know for each substance the kind of response which 
may be expected. The consequences of over-exposure can be much greater for 
some substances than for others. In the table of hygienic standards pub- 
lished by Smyth in 1956 (6) the author classified, on the basis of personal 
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judgment, 238 substances, exclusive of mineral dusts, listed in the thres- 
hold limit values published by the American Conference of Governmental 
Industrial Hygienists in 1956. He set up nine basic categories of human 
response. In the case of each substance listed he stated the most important 
effect of inhalation and predicted the effects of daily 8-hour inhalation at 
threshold and twice threshold and at ten times threshold. He also included 
in some cases effects other than inhalation. The categories which he selected 
were chronic toxicity, acute toxicity, narcosis, irritation, asphyxiation, fume 
fever, eye pigmentation, cancer and allergies. Application of standards in 
these various categories may differ widely. For example, in the case of 
acute toxicity where systemic injury may result from a single case of over- 
exposure it is imperative that concentrations at no time be permitted to 
rise above this level. For chronic toxicity, on the other hand, the values 
generally refer to average concentration over a working day. In this case, 
short- time exposure in excess of the stated limits could be tolerated sa long 
as the average daily exposure does not exceed stated thresholds. In each 
case, in the establishment of hygienic standards it is essential to take into 
consideration the kind of injuries which may result from over-exposure 
either on a short-time or long-time basis. 

Another problem is related to the fact that in some cases values have 
been established on the basis of comfort. Jn these cases unfortunately 
the judgment of comfort or lack of comfort has frequently been made on 
the responses of groups of individuals not normally inhaling such materials. 
It is important in such cases that the basis of the standard be clearly indicated 
in each table of values. 

It is clear, then, that the development of hygienic standards for daily 
inhalation must be based upon all available data and experience. Con- 
sideration of the consequences of over-exposure are also a necessary part 
of such standards. 


Use of Standards 


The intelligent day-to-day use of such hygienic standards requires a 
full knowledge of their validity. This is the basic reason for the necessity 
of including with any list of standards all of the data discussed above. The 
values should be considered as guides rather than specific numbers which 
can be used to separate safe from unsafe conditions. Hazard involves not 
only the toxicity of a material but also other factors such as exposure pattern, 
individual susceptibility and possible synergistic effects of multiple exposures. 

In order to make proper use of these values it is essential that evalua- 
tions of the industrial environment be done carefully and thoroughly. There 
must be sufficient samples taken in work areas to define the problem. The 
analyses of these samples should be carried out by means of aceepted proce- 
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dures under carefully controlled conditions. In general, particularly in 
the case of those substances capable of producing chronic injury, the sam- 
pling must be adequate to produce values which represent average daily 
exposure. If the exposures are extremely variable, the frequency of peak 
exposure and the amount by which they may exceed this daily average 
should also be determined. In the introductory paragraph of the Thres- 
hold Limit Values for 1956 (5) it is stated, »Values are given in the following 
tabulation for the maximum average atmospheric concentration of conta- 
minants to which workers may be exposed for an 8-hour working day wit- 
hout injury to health». 

The application of these standards may fall into one of several categories, 
but regardless of the category involved thoroughness of evaluation is vital. 
As much care must be used in sampling the industrial environment as is 
required to establish limits and to validate them. 

Perhaps the most extensive use of hygienic standards is in the field of 
engineering control. Here they are an aid in evaluating whether or not 
a hazardous condition may exist; in designing control measures for new 
operations; in correcting unsatisfactory plant conditions and in routine 
checking of the effectiveness of ventilation systems or other control measures. 
In planning for new operations, including calculation of ventilation require- 
ments, the hygienic standard, physical and chemical properties of the toxic 
materials and relation to other operations must all be considered. In the 
case of existing operations, air sampling used in conjunction with hygienic 
standards can be used as a measure of effectiveness of control. Without the 
guidance of such hygienic standards the engineering control of occupational 
disease would be largely guesswork. 

Another common use of standards in the engineering field is in reducing 
occupational disease hazards by selection of materials. It is possible to 
reduce an exposure from hazardous to safe with the same equipment by 
changing to a less toxic material. The substitute must be able to do the 
job as effectively as the hazardous one and it must not increase the cost 
substantially. However, it is not simply a case of looking at a list of thres- 
hold values and selecting the one with the highest limit. One must know 
not only the standards and the physiologic effects resulting from over- 
exposure but also all of the physical and chemical characteristics of the 
materials being compared and the way in which they are to be used. The 
ultimate criterion is the amount of material which will be inhaled and the 
consequences of such inhalation. 

Other uses of these standards are in the medical field. First they may be 
used as an aid in pre-placement. A knowledge of the physiologic response 
to toxic materials enables an examining physician to select employees for 
specific jobs. In many cases where known exposures to toxic materials or 
potential exposures to such materials may exist, there are tests and examina- 
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tions which can be made to assist the medical director in avoiding placing 
individuals who might be particularly susceptible to injury from exposwie 
to such substances. A second important application of these data is an aid 
in the diagnosis of disease. There are many cases where the signs and symp- 
toms produced by exposure to toxic materials are so similar to those of 
normal disease that a differential diagnosis is difficult. If the examining 
physician has sufficient information on the kinds of materials to which 
the patient may have been exposed and the concentrations of these materials, 
he will be greatly assisted in making a correct diagnosis. 

It can be seen, that in the case of hygienic standards for daily inhalation 
they can be a powerful force in the prevention of occupational disease. Their 
value, however, is directly in proportion to the validity of each level and the 
intelligence with which it is applied. 


Hygienic Standards for Noise 


Loss of hearing from exposure to excessive noise is a problem which 
has become increasingly important during the past few years. Because of 
this, the need for standards which can be used as a guide in evaluating the 
possible hazard and as an aid in developing noise control techniques has 
become more pressing. The investigations in this field have indicated that 
there are many ways in which the noise problem differs from other industrial 
hygiene problems. The differences have complicated considerations of 
standards for noise. 

One of these complications is the fact that there are several kinds of 
effects produced by noise exposures. These include possible effects on 
behavior; interference with speech communication; loss of hearing and 
non-otological physiologic effects. The noise levels which can produce 
these various reactions are quite different. For example, the standard for 
speech communication in an office or conference room is substantially lower 
than the criterion proposed for the prevention of occupational loss of hearing. 
Since the first concern in the occupational health field is the prevention of 
injury the most important criteria are those relating to hearing loss and 
non-otological physiologic effects. The approach to these criteria cannot 
be the same as that used for toxicological problems for several reasons. 
First, a gradual loss of hearing may be a normal result of aging (presbycusis). 
This is a complication not encountered when. dealing with toxic materials. 
Second, there are many causes of cochlear damage, both physical and chem- 
ical, which produce results that cannot be distinguished from acoustic injury 
by any present known method. These include the effect of drugs, head 
injuries and many infectious diseases. There is an appreciable segment 
of the population having deviations from normal hearing resulting from many 
possible causes. 
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Historical 


Efforts to find standards in this field are relatively recent. During 
the 1930’s and 1940’s, largely because of relatively crude measurement 
techniques, few good data were available but some authorities ventured 
individual opinions as to a single number which supposedly represented a 
permissible noise level, Certainly these numbers completely lacked any 
supporting data and so were invalid. The first serious attempt to provide 
a substantiated damage risk criterion was made in 1950 by Kryter (9) in 
his classic Monograph »The Effects of Noise on Man». It was Kryter who 
suggested that all frequencies of the noise spectrum are not equally damaging 
and, therefore, any criterion must be expressed in terms not only of sound 
intensity but also of frequency. His suggested values were given in terms 
of critical bands. Following Kryter’s suggestion, Beranek subsequently 
proposed what he called »Damage Risk Criteria for Noise», expressed in 
octave bands. 

In 1954 the American Standards Association published a report of an 
Exploratory Sub-committee Z24—X.2 entitled »The Relation of Hearing 
Loss to Noise Exposure». (10) This report was an evaluation of the results 
of investigation of available information which could be used to establish 


the relation between hearing loss and noise exposure. It does mot suggest a 
definite criterion. 


More recently the Sub-committee on Noise in Industry of the Committee 
on Loss of Hearing of the American Academy of Ophthalmology and Oto- 
laryngology has proposed that three middle octave bands are the critical 
ones in the production of hearing loss from noise. They are, therefore, 
suggesting that a criterion could be based upon these three bands. The con- 
clusions that they have reached have been based largely upon the work of 
the American Standards Association Z24—X.2 Committee and on the 
research of their own sub-committee. 


The work discussed above is confined to the effects of continuous steady- 
state noise. For intermittent, very short exposures, levels above those 
suggested for continuous exposure can probably be tolerated. At very 
high levels, however, not only is there a possibility of damage to hearing 
but there is evidence that these levels may also cause non-otologic effects 
such as blurred vision, disturbance of equilibrium and similar effects. 


Impact noises are those which are characterized by sharp peaks of a 
few milliseconds duration. The period between the peaks may vary from 
the order of magnitude of a few seconds to many minutes. During the period 
between peaks the exposure will be the ambient noise level. Because of 
problems of measurement and the lack of good data, very little progress has 
been made in the establishment of standards for impact noise. Such factors 
as the ambient noise levels between peaks, the severity of peak exposure, 
2 
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and the duration of the peaks are all factors which will influence the level 
ultimately adopted. It has been reasonably well established, however, that 
peak noises (having a duration of a few milliseconds) of the order of magni- 
tude of 10 db per octave above the criterion for steady-state noise may not 
be damaging. 

In the research which has been done so far one important factor emerged, 
namely, that a single over-all sound level measurement (20 to 10 000 cycles 
per second) does not provide an adequate basis for the establishment of any 
criterion or safe level. It has been well established by such workers as 
Kryter, Beranek, Rosenblith and Stevens, as well as the American Standards 
Association Exploratory Sub-committee Z24—X.2 that a noise must be 
analyzed in bands at least as narrow as one octave before the potential 
hazard of the noise can be evaluated. There are many factors which must 
be considered in setting up standards to deal with noise. In adopting such 
standards there are several requirements which must be fulfilled. (11) These 
are:— 


. The criterion must be established in measurable perameters. It must 
be expressed in terms of sound pressure level and frequency. The 
distrikution of energy through the audible spectrum is an important 
variable. It may be spread through the whole spectrum or it may be 
confined to relatively narrow bands. The band widths and distribu- 
tion of the important components of a noise must be defined, since 


damage may be related to these factors. 


. The time of exposure must be specified. Consideration must. be given 
to levels for continuous (throughout the work day) steady noise ex- 
posures; steady noise with intermittent exposure (periodic during 
the day); and single or very short exposure (corresponding to acute 
exposures in toxicology). 

. The time pattern of the noise will have an important bearing on 
criteria. The levels for repeated impact noise may be significantly 
different than for steady noise. Peak value, average value, ambient 
noise, and the interval between peaks are all significant. 


. The final values selected for damage risk criteria must be based on the 
physical factors given above and must then be related to the degree 
deviation from normal hearing which is considered. acceptable. In 
this latter category such factors as presbycusis and a definition of 
just what constitutes a hearing loss must be included. 


. Any standard must be supported by substantial agreement among 
authorities before it can be accepted. It is, therefore, of primary 
importance that any criteria which are proposed must be supported 
by a reasonable amount of valid data. 
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Hygienic Standards for Radiation 


Standardization has been going on for many years in the field of radia- 
tion protection on both a National and International scale. In 1929 the 
Advisory Committee on X-Ray and Radium Protection was formed in the 
United States at the suggestion of the International Commission on Radio- 
logical Protection. This original committee has since become known as the 
National Committee on Radiation Protection. It is organized under the 
sponsorship of the National Bureau of Standards and is composed of a 
series of eleven sub-committees each of which has responsibility for a partic- 
ular field of interest. The activities of this committee go far beyond the 
mere establishment of safe limits. They have published a series of Hand- 
books which include detailed specifications for the various areas under 
consideration. These Handbooks issued to date cover a wide range of sub- 
jects. (12) Of these, three, Safe Handling of Radioisotopes, Maximum Per- 
missible Amounts of Radioisotopes in the Human Body and Maximum Per- 
missible Concentrations in Air and Water, deal specifically with standards, 
the others cover methods. 

Until recently all of the Handbooks of National Committee on Radia- 
tion Protection represented recommendations and suggestions for good 
practice. The most recent release from this organization, Handbook 61 
(13), refers to regulation of radiation exposure by legislative means. While 
the Committee states that it does not recommend or oppose the incorpora- 
tion of its findings in State Codes, it does propose that if there is to be regula- 
tion it should be done on a uniform basis in all states. The purpose of Hand- 
book 61 is to suggest a basis of uniformity in the promulgation of rules and 
regulations applying to uses of radioactive materials. 

The American Standards Association has also been involved in the 
development of suggested standards in the field of radiation. In 1946 a 
Safety Code for the Industrial Use of X-Rays» (14) was published as a »war 
standard» to be used as a guide in radiation protection. In view of the in- 
creasing activity in the nuclear energy field the American Standards Asso- 
ciation has established (1956) the Nuclear Standards Board. The function 
of this Board is to provide standards of all kinds in the field of nuclear energy. 
One activity of this group will be in the field of radiological safety. 

There are many ways in which the radiation problem differs from that 
involving toxic materials. In the first place there are several different kinds 
of radiation involved; second, injury may result either from overexposure 
to external radiation or as a result of inhaling or ingesting radioactive 
materials. Third, in addition to the concern for immediate injury to indi- 
viduals there are problems associated with effects on life span, and the 
more significant genetic effects which may influence future generations.’ 
In other words, the radiation problem involves not only the individual but 
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world population. This is all complicated by the fact that in addition to 
the industrial exposure to humans, normal background exposure, medical 
exposures and the newer problem of radioactive fallout from weapons 
testing are all factors. As a result it is difficult to obtain agreement as to 
what numbers should be used as safe levels. The tendency today is to select 
lower and lower values. There is little doubt that present levels are safe 
for the exposed individual, but consideration of possible genetic effects has 
resulted in lowering of the standards to levels far below those which will 
produce obvious radiation injury. Maximum permissible doses of radiation 
will unquestionably remain in a state of flux until such time as more valid 
information as to the long-time effects of such exposures is available. 


Conclusion 


The value of having standards in all of the various phases of occupational 
health is unquestioned. The most difficult problem is to establish the validity 
of such standards. The greatest weakness results from the lack of data, 
particularly with regard to human experience. Only by an accumulation 
of such information will it be possible to establish our standards on such a 
basis that they will be universally accepted. In order to help solve this 
problem it would be helpful if the area of interest could be widened and 
substantially more information made available in the establishment of 
hygienic standards. It is suggested that, particularly in the field of standards 
for toxic materials, an international group be established to accumulate 
and evaluate available information from industrial experience and animal 
experimental work and to attempt to provide validated hygienic standards 
for daily inhalation. Such a coordinated approach would greatly strengthen 
this important aspect of occupational disease control. 
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RADIATION PROTECTION—INSURANCE AND 
INDUSTRIAL RELATIONS ASPECTS ! 


(By Charles R. Williams, Ph. D., Director, Industrial Hygiene 
Services, Loss Prevention Department, Liberty Mutual Insurance 
Company, Boston) 


Chapter, 6, section 53, of the Atomic Energy Act of 1954 states, 
(8) The licensee will hold the United States and the Commission 
harmless from any damage resulting from the use or possession of 
special nuclear materials by the licensee.’”’ This simple sentence has 
created one of the most difficult hurdles in the way of the development 
of nuclear energy for peacetime usage. It has caused industry to ex- 
amine its potential liability from operation of nuclear reactors and to 
attempt to evaluate the kinds of insurance protection which would 
be needed. Fantastic stories having been developed about all of the 
terrible things which could happen if a nuclear reactor should fail. 
If losses of the magnitude described could occur, they would repre- 
sent a national catastrophe. Thus the insurance phase of the reactor 
program has attracted national interest. 


Kinds of insurance 


There are many kinds of insurance involved. In the casualty field, 
Workmen’s Compensation provides indemnification to employees for 
time lost and medical costs resulting from industrial injury and 
occupational disease. In all states, employers must provide such 
financial protection to their employees. Limits of liability are es- 
tablished by law and thus it is possible for an insurance carrier to 
estimate its potential maximum liability. The charges for such 
coverage are based on payroll and are determined on the basis of 
experience of each kind of operation. Rates in many cases are modi- 
fied in individual plants by experience. Thus an incentive is provided 
for the reduction of accidents and occupational disease. 

A second kind of insurance of interest in the radiation field is that 
of providing financial protection against damage to the physical 
plant. This would include loss by fire, breakdown of equipment, 
boiler damage, and the like. There has been much discussion about 
whether or not radiation contamination will be covered under fire 
policies. As in the case of Workmen’s Compensation insurance, the 
potential loss can be estimated, since the value of all equipment 
and buildings is known. In fire insurance, for example, the limit of 
the carrier’s liability is stated in the policy. 

The serious stumbling block in the dilemma of insurance for reactors 
is in the field of public liability. This kind of insurance provides 
financial protection against loss caused to the public, in any way, as 
a result of plant operations. It is obvious that it is virtually impos- 
sible to predict the potential maximum loss which can occur. The 
severity of such a loss is determined by the number of people who 


1 Presented at the Seventeenth Annual Meeting, American Industrial Hygiene Association, Philadelphia, 
April 25, 1956. 
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could be injured and the amount of property which could be damaged. 
Who anual care to estimate the maximum amount of damage which 
could be caused by a serious reactor failure in a densely populated 
area? As in the case of fire insurance, the carrier limits its hability 
by the value of the policy. The insurance problem in the reactor 
field is caused by a wide discrepancy between the amounts of liability 
insurance which industry feels it needs and the maximum limits 
which insurance carriers can provide. 

In addition to the major insurance coverages discussed above, 
there are a few other problems. One of these is business interruption 
coverage for situations where a reactor failure might result in a power 
plant shutdown with a resultant loss of production by plants forced 
to cease operations because of lack of power. 

Another serious problem is the possibility of compounding losses. 
In a case where a defective component in a reactor failed, causing 
damage to the reactor with subsequent public liability losses, the 
owner of the reactor would attempt to recover his loss from the equip- 
ment manufacturer. In cases of this type, costly litigation aan 
results. This could mean that every manufacturer of every com- 
bomen of reactors should have very large public liability limits. 

ecause of this, attempts are being made to find methods for financial 
protection for reactor operations on a package basis, so that the com- 
plications described can be avoided. 


Historical 


Since about 1912, industry and the medical profession have been 
applying methods utilizing radiation. This 40-year period can be 
broken dow into three periods. The first of these may be referred to 
as the pre-Manhattan Project era in which the kinds of exposures 
involved such things as industrial radiography, the medical uses of 
both radioactive materials and x-ray; the use of self-luminous paints 
(with very bad experience) and the manufacture of gas mantles using 
thorium compounds. Problems of coverage were relatively simple 
because these exposures were generally a normal phase of each specific 
industry and were, therefore, part of the normal experience. There 
was some adverse experience but by and large these uses of radiation 
posed no particular insurance problems. 

In brief, it can be stated that during this pre-Manhattan Project 
era problems of indemnification for loss from radiation injury were 
minimal and handled in a rather routine fashion. 

The second period we may call the Manhattan Project era. This 
might be referred to from the standpoint of those on the outside as the 
“great hiatus.’’ During this time security reigned and there were no 
insurance problems, since the Federal Government assumed responsi- 
bility for all liability for injury or damage resulting from any operations 
within the scope of the program. Insurance policies were written by 
the carriers and the mechanics of handling and settling claims were 
provided by the carriers, but they were reimbursed in full for all losses. 

The next step, historically, was to move into the post-Manhattan 
Project era which saw the beginnings of the Atomic Energy Commis- 
sion. During this period which lasted until the passage of the Atomic 
Energy Act of 1954, security was still the byword, but. the light began 
to dawn. With the advent of the Atomic Energy Commission the 
insurance picture within AEC installations remained unchanged. 
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New problems began to appear, however. For example, a wide variety 
of isotopes became available for research as well as for medical and in- 
dustrial applications. One of these new problems included that of 
developing equitable insurance rates for these new exposures in the 
light of a lack of experience. Another was that of delay in onset of 
radiation damage where the question was raised as to the kind of 
liability being accumulated today to be paid for 20 years from now. 
Another question frequently discussed was the adequacy of the 
benefits under present laws for higher salaried technical personnel. 
Finally the question was raised as to possible new kinds of radiation 
and unknown effects which might develop. By and large, all of these 
problems stemmed from two things. One was the very limited public 
information on matters relating to exposures to some of these radio- 
active materials. The other was the fact that many more people 
were being exposed in a much broader group of industries. 

During this time’ there was a considerable amount of confusion, 
particularly in the insurance industry as to how to handle this new 
problem. Attempts were made during 1949, with the establishment 
of a Joint Casualty Committee on Radiation, to find an answer. The 
purpose of this committee was to examine the entire problem, par- 
ticularly as related to the increased use of radioactive materials and to 
try to set up some way of rating these new exposures. A tentative 
procedure was drawn up, based on the major premise that radiation 
damage is an occupational disease. A rather involved proposal 
was considered in which external radiation sources (both fixed and 
portable) and radioactive materials were subjected to a complex 
rating and credit system. Since the industrial applications of radio- 


active materials were relatively slow during this time experience was 
accumulated in the field and fortunately the rating schedule never saw 
the light of day. At the present time, industrial and medical uses of 
radioisotopes carry no special rates. Each industry establishes its 
own experience, good or bad, which will ultimately be reflected in the 
insurance rates for the industry. 


Reactor problems 


This brings us to the present. It brings us to the entry of industry 
into the nuclear reactor field. It brings us to the Atomic Energy Act 
of 1954 which placed squarely upon the shoulders of American in- 
dustry the financial responsibility for any damage or injury which 
might result from the operation of nuclear reactors. 

Nuclear reactors, whether for research, medical, or power applica- 
tion, provide some interesting insurance questions. The developments 
have come so fast that it is almost impossible to keep abreast of them. 
Industry has felt that since under certain circumstances reactor failure 
could cause very severe losses, particularly in areas surrounding the 
reactor, they were taking on potential liabilities which in some cases 
could exceed their resources. They felt the need of financial protec- 
tion. Their prime concern was in the field of public liability. It was 
felt that if large amounts of fission products were dumped on a com- 
munity as a result of a run-away reactor the losses could run into 
hundreds of millions or even billions of dollars. Because of this, 
industry began a search of the possibilities of obtaining the kinds of 
protection which they felt were needed from insurance carriers. 

They found that the insurance industry was no more anxious to 
risk its very existence on these experimental operations than was 
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industry. In the first place, there are legal limits on the amount of 
insurance coverage which can be provided a single policyholder. This 
is not a problem in the field of Workmen’s Compensation insurance. 
The really serious questions arise from the possible large and unpre- 
dictable losses under the heading of public liability. It has been 
suggested that a serious accident could involve injury and death to 
people living and working in the area around the reactor operations 
as well as contamination by radioactive materials of structures in the 
vicinity. Industry appears to feel that such losses could be extremely 
large. 

As has been pointed out, the carrier in providing public liability 
insurance restricts its liability by the financial limit set forth in the 
policy. In such an event the insurance carrier is responsible for losses 
up to this figure and the insured is responsible for losses above this 
figure. In other words, the policy specifies the limits of liability which 
the insurer is willing to accept. In the case of reactor operations the 
limits which the insurance carrier can accept are related to many 
factors. They are at the present time considerably less than those 
which industry appears to want. 

During normal operations of a reactor there are no problems which 
seriously bother informed insurance underwriters. There appears to 
be no problem of any consequence related to Workmen’s Compensa- 
tion coverage. 

A relatively large number of reactors have been operated for several 
years. By and large, they have compiled excellent safety records. 
Since all of these were Government installations there was no com- 
promise with safety. Very large sums of money were spent in order 
to assure that there be no injury to operators or the public. Ques- 
tions have been raised as to whether or not this same philosophy will 
continue to be in force, particularly in the field of the operation of 
power reactors when competition enters the field. 

The insurance industry has been studying this problem energetically 
for some time. A committee of insurance executives has been pro- 
vided with the necessary security clearances and has been thoroughly 
indoctrinated by the Atomic Energy Commission so that they could 
understand all phases of the problem. Since their education has 
been completed, the insurance carriers have been devoting a con- 
siderable amount of time and effort to develop a program which will 
provide the maximum amount of coverage possible by the world 
insurance market. The numbers which have been proposed for limits 
of liability are still far short of those which industry seems to want. 
This has raised the question as to just how additional protection will 
be provided. One of the most popular approaches is to have the 
Government provide some sort of protection above the limits which 
the insurance carriers will be capable of supplying. This whole matter 
ls actively under debate, both within the Atomic Energy Commission 
and by the Congress. What ihe outcome will be it is impossible 
to predict. 

Protection problems 


Let us examine the problems of protection which face not only 
the insurance industry, but all of us who are involved in the field of 
industrial health. 

Chere are a great many factors that have to be considered in 
estimating the possibility of loss and the potential cost of such in 
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reactor operations. Of course, each individual reactor must be 
evaluated separately. The several criteria which must be applied 
are: (1) the use to which the reactor is to be put; (2) reactor type and 
design; (3) location of the reactor; (4) amount of containment; (5) 
quality of the supervision and operating personnel; and (6) the safety 
program and inspection system. 


Reactor use 


At the present time reactors are being considered for research, 
testing of materials, production of power and propulsion. The 
degree of risk will depend partly upon which of these uses is con- 
templated. Most presently proposed research reactors are to be built 
by universities, hospitals or other research organizations. They may 
be used for undertaking nuclear research, for training personnel in 
reactor design and operation, or for medical research and treatment. 
Reactors in this category will probably be relatively small and because 
of their use will be designed for extreme flexibility. Large numbers 
of persons, many of them inexperienced, will be operating these 
installations. 

Since every known reactor accident to date has been caused by 
human error, it is obvious, that for this kind of reactor where many 
persons may be involved in its operation, the safety will depend more 
on the quality of the supervisory personnel than it will on the design 
of the reactor. From the standpoint of the public exposure, losses 
could be minimized by remote location. Reactors of this type can- 
not, however, be used effectively unless located in centers of popula- 
tion. A reactor for a hospital is of little use many miles away. If 
the reactor is to be used for teaching purposes it must be located 
convenient to the students. 

Because of their small size, reactors of this type will probably have 
a limited hazard as far as damage to the public and contamination are 
concerned. But because of the nature of the operation and the large 
number of persons involved, this type of reactor will require not oat 
careful evaluation, but constant supervision. 

The focus of attention is the development of nuclear reactors for 
power purposes. The objective of this whole program is to encourage 
private industry to enter the nuclear power field in the hope that it 
will be accelerated. There are several companies and groups of 
companies actively working in this field. There are many different 
kinds of reactors under consideration. At this stage of the develop- 
ment of the program it can certainly be considered as experimental. 
Because of their size and the amounts of radioactive material which 
may be present, the potential, particularly in the way of radioactive 
contamination, is large. The possibility of a reactor failure, however, 
is probably not so great in most of the power reactor types as is the 
case with research reactors. The reason for this is that the primary 
purpose in building these reactors is for the production of power. 
Therefore, it is expected that they will be operated more or less con- 
tinuously at reasonably uniform power levels and with a stable staff. 
Thus the possibility of an incident is lessened but the potential damage 
increased for reactors of this type. 

Little is known at the present time outside the Atomic Energy 
Commission about materials testing reactors. Their important func- 
tion will be to assist industry in testing the effects of radiation on 
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various kinds of materials to be used in the construction of power 
reactors. They should have a stable staff and be classified probably 
between research and power reacfors as far as flexibility is eanesennd 

Reactors for propulsion purposes are still being developed solely 
under the control of the Atomic Energy Commission and so insurance 
problems do not exist at this time. 


Reactor types 


One of the objectives of the current industrial reactor program is to 
attempt to find the kinds of reactors which will produce power most 
economically and with a minimum of hazard. Therefore, during this 
development stage there will be many different kinds of reactors 
designed and built. Each of them will have its own peculiarities and 
the degree of hazard will vary widely from type to type. Safety in 
. design will be a criterion of utmost importance in the evaluation of 
any reactor. 


Reactor location 


As has been indicated above, the degree of the hazard or the loss 
potential is related directly to the number of people and the amount 
of property which can be damaged. This is an important aspect in 
evaluating the size of losses which can occur from a reactor incident. 
The obvious way out is to suggest that all nuclear reactors be located 
in isolated places. This was exactly the approach taken by the 
Atomic Energy Commission in setting up its experimental reactor 
testing facilities in Idaho. If reactor installations are to be of any 

ublic use, however, they cannot be located in areas completely 
isolated from people. In determining liability limits insurance car- 
riers must examine in great detail the neighborhoods or communities 


in which reactors are to be located so that they can estimate the loss 
potential. 


Containment 


Since it is not feasible to isolate these installations it has been sug- 
gested that neighborhood contamination by radioactive materiale 
can be reduced substantially or eliminated by complete containment, 
either of the reactor core or of a portion of the building housing the 
reactor. While this may provide a suitable substitute for isolation of 
the reactor it does not appeal particularly to those proposing to build 
such installations because of the increased financial burden in provid- 
ing for suitable containment. Nevertheless, it seems reasonably 
certain that if we can in fact have contamination of the magnitude 
that has been suggested by industry they must accept either isolation 
or containment as a means of limiting the exposure if they expect 
maximum participation by the insurance industry in a program of 
financial protection. 


Personnel 


So far the discussion has been confined to.the physical aspects of 
the reactor itself. Even more important, however, is the quality of 
people who will be operating any reactor. Practically all reactor 
incidents reported to date have been the direct result of some human 


failure. Carelessness or ignorance can offset the most careful design 
and safety devices. 
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It is a well established principle in the field of industrial safety and 
industrial hygiene that the effectiveness of health and safety programs 
are in direct proportion to the interest of the management. Thus, in 
addition to well-trained and conscientious operating personnel a 
management which establishes an adequate health and safety organi- 
zation and gives its full support and backing to this organization is 
an absolute ‘‘must.”’ 

In addition to the problems of operating the reactors themselves 
we are beginning to face some of the problems related to ancillary 
operations. Today we are concerned with plants engaged in the 
construction of fuel elements for reactors yet to be built. The prob- 
lems associated with removal and shipment of spent fuel for reprocess- 
ing will have to be met. There are problems in public liability asso- 
ciated with an accident to a vehicle transporting spent fuel; there are 
problems in storage of such fuels prior to shipment. As the program 
gets underway it is inevitable that industry enter the field of fuel 
rem and private industry will have its Public Liability prob- 
ems magnified. 


Waste disposal 


The amounts of radioactive wastes will vary with the size and type 
of reactor. In some types there will be problems related to both 
air and stream pollution. These will both influence discussions on 
public liability insurance coverage and rates. 


Disaster planning 


In spite of what may appear to be adequate control measures, a reac- 
tor failure is always a possibility. A complete well-conceived dis- 
aster plan, including evacuation, treatment of injured and decon- 
tamination must be set up. Failure to do this can lead to chaos, 
panic and increased damage in the event of an accident. 


Other radiation problems 


While our attention has been diverted by the more spectacular 
phases related to nuclear reactors, there has been a fairly rapid 
expansion of the use of radioactive materials and high energy particle 
accelerators in both industrial and medical fields. The two important 
consequences of this growth in terms of insurance problems are, 
first, the ever-increasing number of people coming in contact with 
radioactive materials and, second, the substantial increase in both 
the amounts of radioactivity and the energies involved. 

As has already been indicated we have had many years of experi- 
ence in the medical field and the technique for approaching and solving 
these problems is reasonably well established. However, the in- 
ternal use of isotopes for diagnosis and treatment of some diseases 
poses public liability and malpractice problems but to date the ex- 
perience in these areas has been good. By and large, from an in- 
surance standpoint this can be handled in a normal and routine 
fashion. 

In industry, one of the significant developments has been the intro- 
duction: of multi-curie sources of isotopes for radiographic purposes. 
Enough information is available to permit this work to be carried on 
safely if the rules and regulations are followed. 

The use of such things as thickness gauges and other techniques 
involving radioactivity which are used for process control pose prob- 
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lems in insurance related to public liability. The principal thing 
with which we are concerned in this regard is the possibility of a 
failure of the control mechanism resulting in spoilage of materials. 
There are at the present time hundreds of such devices as beta ray 
thickness gauges in use, with no serious problems. 

Waste disposal problems in the industrial use of radioisotopes has 
been minimal at the present time. 


Industrial and public relations problems 


Because of the highly technical nature of this problem and the fact 
that atomic energy is generally associated in the public’s mind with 
nuclear weapons, industry’s relations with both its employees and the 
public are extremely critical. Industry must learn to deal with this 
problem in the open. Attempts at concealing the facts of the use of 
radiation may only lead to suspicion and distrust. Many companies 
have already learned that failure to inform the public in detail prior 
to embarking on operations of this type frequently leads to spirited 
and sometimes successful opposition. Those plants which have openly 
discussed their plans with local public officials and with the public 
through intelligent newspaper publicity have had little or no difficulty. 


In dealing with one’s employees it is equally important that they be 
apprised of all potential hazards, told of the safeguards which are 
being taken and trained to do their job safely and effectively. Failure 
to follow these three simple steps can also lead to suspicion and 
misunderstanding. 

Recently a group of labor leaders presented to the Congressional 
Joint Committee on Atomic Energy a series of propones to safeguard 


workers in the atomic energy field. In the area of health and safety 
their recommendations included provisions for adequate protective 
equipment, proper shielding, good monitoring and training of em- 
ployees in health and safety. They also called for equitable com- 
pensation for employees who might be injured by radiation. All of 
these are certainly justified requests. If industrial management pro- 
vides all necessary safeguards and the employees carry out their 
responsibilities in living up to safety rules and regulations there should 
be no serious problem. 


Relation to radiation protection 


With this perhaps over-simplified statement of some of the prob- 
lems related to our expanded activities in the field of nuclear energy 
it is easy to see that insurance carriers must have more than a finan- 
cial interest in this enti:2 problem. No one will deny that it is to 
everyone’s interest to make certain that these operations are carried 
out safely. These developments will provide an opportunity of almost 
unlimited scope for specialists in the field of industrial hygiene. Indus- 
trial hygienists in industry, governmental agencies and insurance car- 
riers are going to have a job ahead of them of tremendous nae. 

During the first few years of this program as industry and others 
gain experience in reactor operations the people trained in the field of 
industrial health are going to be called upon to play their part in pre- 
venting radiation and other types of injury. It has been recom- 
mended that the Atomic Energy Commission provide an inspection 
system to follow these plants as they develop. The activities of such 
groups as the Advisory Committee on Reactor Safety should certainly 
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continue an active interest in all plans and specifications as well as 
location of all reactors. There will also be industrial health problems 
in fuel fabricating plants which must be supervised. 

Never before a so great a challenge been made to industrial 
hygienists. While it is an excellent idea to have full financial pro- 
tection, it is much more important, to prevent any such incidents as 
those which have been discussed. 

The viewpoint of industrial hygienists will be essential during the 
design as well as during operation of reactors. Detailed programs 
for air sampling, monitoring, personal protection, ventilation design 
and maintenance, control of atnbegilieste and liquid wastes, handlin 
and storage of fuel, handling, storage and transportation of spent fue 
and disaster planning will all require the broad outlook and experience 
of industrial hygienists. As this work progresses, the problems will 
spread. They will appear in many new kinds of plants. It is diffi- 
cult to predict where one will find exposures related to the reactor 
program or to other uses of radioactive materials. 

Another important contribution which can be made by industrial 
hygienists is in the fields of public and industrial relations. First we 
must do a thorough job of providing essential safeguards and then we 
can provide the facts and assurances which must be given to the public 
and to employees. We can also contribute to the training and educa- 
tion of employees so that they can play their part in securing safe 
operation. 

In summary, the problems created by the spreading activities in 
nuclear energy and related fields cover many areas. Activities of 
industrial hygienists can contribute substantially to solution of these 
problems in insurance, public relations and industrial relations. Ex- 
perience is going to determine the future of many of these programs 
involving radiation. If we do a thorough job so that the experience 
is good, the private development and use of nuclear energy for peace- 


ful uses will make rapid progress and industrial hygiene will have 
made a major contribution. 





STATEMENT ON RADIATION PROTECTION CRITERIA 
AND STANDARDS—THEIR BASIS AND USE 


(By W. A. McAdams, Manager, Industry Standards, General Electric 
: (Co., Schenectady, N.Y.) 


During the last few years the hazards of ionizing radiation have 
been the subject of constant and emotional discussion by groups in 
almost every field of activity. It is difficult to understand the reason 
for so much attention to this one hazard when there are so many 
other serious ones facing both the worker and the general public. 
It is my opinion that the basic principles of radiation protection are 
now well understood and that occupations involving work with 
radiation sources are at least as safe as other commonly accepted 
occupations. Nevertheless, regulatory bodies at all levels of govern- 
ment have felt it is necessary to establish elaborate controls over 
radiation sources, and regulations of all types have been promulgated. 

The Joint Committee on Atomic Energy has recognized the tremen- 
dous interest in radiation protection matters and has already con- 
ducted a number of hearings on various phases of the subject. These 
hearings have delineated many of the basic problems involved in the 
development and use of radiation protection standards, but have not 
provided satisfactory solutions to these problems. It is hoped that 
the hearings now being organized will result in a more practical 
approach to the regulation of radiation work and, at the same time, 
remove some of the public hysteria over the gorwing uses of radiation 
sources. Until this has been accomplished, the future progress of the 
whole atomic energy industry will be severely handicapped. 


THE PATTERN FOR DEVELOPMENT OF SAFETY STANDARDS IN OTHER 
FIELDS 


Over the years industry has had to deal with all kinds of hazardous 
situations and has almost always been able to find satisfactory 
methods for dealing with these. It has been a usual thing for these 
methods to be worked into safety standards and often for these safety 
standards to be incorporated into regulatory codes. The development 
of such standards and codes tends to follow an orderly process which 
includes the following steps: 

1. Recognition of a hazard or potential hazard. 
2. Study of the nature of the hazard and its effects. 
3. Experimentation and analysis to determine control methods 
for eliminating, reducing, or working with the hazard. 
4. Application of the principles of control on a trial basis. 
5. Formulation and adoption of the control principles as stand- 
ards, at first locally, and then over a wider field. 
6. Translation of the standards into regulatory codes. 
_ Ordinarily this process is one which develops slowly with long season- 
ing of the parts and careful appraisal of results along the way. Steps 
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two, three, and four are closely related to one another and often pro- 
ceed simultaneously. Step five is rarely attempted until the data 
from the early steps are clearly established. More often than not, 
step six has been found to be unnecessary because adequate control 
was achieved on a voluntary basis without it. 


THE DEVELOPMENT OF RADIATION PROTECTION STANDARDS 


Prior to the ‘Atomic Age”’ the development of radiation protection 
standards was proceeding nicely according to this traditional pattern. 
The hazards were recognized, the physical and biological effects of 
radiation were being studied, and experimentation for controlling the 
hazards was showing tangible results. The National Committee on 
Radiation Protection was analyzing the data and was formulating 
recommendations for trial use. 

When the large scale atomic energy projects were begun, the recom- 
mendations of the national committee took on more significance and 
the work of the committee had to be expanded into areas not pre- 
viously investigated. Health physics organizations were established 
at the sites operating under the Manhattan District and sound 
radiation protection practices were carefully developed for each operat- 
ing problem under the guidance of these health physics organizations. 
Few, if any, real standards were written because the practices recom- 
mended were still under test and needed careful appraisal of the 
specialists in the field. Operating procedures to reduce personnel 
exposure and prevent contamination spread were put into general use, 
but were modified as experience dictated. 

Throughout this incubation period and for a number of years after- 
ward it was normal practice to make use of the NCRP recommenda- 
tions in the way they were intended to be used—as guides to be 
adapted and interpreted by qualified persons. This system worked 
well and no standards or regulatory codes were necessary, and none 
were promulgated. 

Beginning in 1946 the Atomic Energy Commission began to license 
byproduct material, and by the early 1950’s there were several thou- 
sand byproduct sources in use throughout the United States. Much 
publicity was given to this program and this was accompanied by a 
growing fear on the part of the public that the use of these sources 
would jeopardize their health. The Commission and a few agencies 
of State governments decided that they should take formal steps to 
control these sources. A number of regulations were soon developed 
and promulgated despite the fact that there were still no well-defined 
standards in place. The present confusion is due largely to the fact 
that such regulations are rigid interpretations of the NCRP recom- 
mendations which are still intended to be flexible guidelines and not 
firm standards. 

THE ROLE OF THE NCRP 


In the United States the National Committee on Radiation Pro- 
tection and Measurement is the only long-established body whose 
sole purpose is the development of radiation protection criteria. This 
committee is expert and completely unbiased. Its recommendations 
are considered authoritative. The best evidence of this is the fact 
that all proposals for radiation protection standards and codes, whether 
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they originate with Government, industry, labor, or some other 
group, are based on the NCRP recommendations. 

The NCRP should be permitted to continue its work without 
interference and without any political or other ties. It should con- 
tinue to publish its recommendations as in the past, but should not 
attempt to convert these recommendations into standards. 

The translation of NCRP recommendations into standards should 
be a process in which all parties having an interest can participate. 
The procedures of the American Standards Association are ideally 
suited to this and projects under the ASA Nuclear and Safety Stand- 
ards Boards are already actively engaged in this work. It is hoped 
that radiation protection standards developed under ASA procedures 
will eventually be a sound basis for practical industrial radiation 
safety programs and for any regulatory codes that still appear to be 
necessary. 

Since ASA procedures give full opportunity for all parties to review 
and comment on all documents, it is likely to be several years before 
the ASA projects will result in a set of completely satisfactory radiation 

rotection standards. In the meantime, the AEC, the U.S. Public 

Health Service, and other Federal and State agencies have general 
or specific responsibilities under the law to protect the health of 
workers and the general public. It is because of these responsibilities 
that so many governmental agencies have promulgated radiation 
protection regulations. 

In drafting radiation protection regulations, the agencies of Govern- 
ment have repeatedly come to the NCRP for advice. Recognizin 
the need of these agencies for assistance in such efforts, the NCR 
in 1955 published, with csnsiderable reluctance, a handbook on 
Regulation of Radiation Exposure by Legislative Means. The hand- 
book gave the philosophy of the committee with respect to radiation 
protection laws and codes and included as an appendix a set of 
‘Suggested Regulations.” These suggested regulations were intended 
to provide the basic framework for regulatory control over radiation 
sources. The committee realized that the phraseology and language 
used were advisory and explanatory in many parts and not really 
suited for a code which could be altogether workable from a legal 
or administrative point of view. Nevertheless, the suggested regu- 
ee have been used as a model and have received much criticism 
as such. 

For the last 2 years, the NCRP, through its Subcommittee on 
Regulation of Exposure Dose, of which I am the chairman, has been 
revising these suggested regulations into a more realistic model code. 
The subcommittee doing this work and its advisers include repre- 
sentatives from the AEC, the U.S. Public Health Service, and several 
State agencies, and several members of the legal profession who have 
been much interested in the problem. The model code has been com- 
pleted and is currently being reviewed by the main committee. It is 
hoped that the code will eventually be made an American standard. 
A late draft of this document will soon be available to the Joint Com- 
mittee on Atomic Energy for careful study. 
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THE NCRP MODEL CODE 


I would like to discuss several provisions of this proposed model 
code in some detail. ; 


1. Purpose and acceptable risk 


The stated purpose of the regulations is to reduce to an acceptable 
level the risk that any person will be injured by radiation. The 
question here is—What constitutes an acceptable risk? 

Practically every occupation involves some risk to the worker. In 
many cases, for example, in the various industrial crafts, the hazards 
are easily recognized. In other cases, for example, in work with 
chemicals, in dusty atmospheres, or under noisy conditions the hazards 
are more difficult to: understand, but the worker can generally be 
taught enough about the hazards to be able to intelligently choose 
whether he wants to take the risk or not. 

This is not the case with radiation work. So far we have not been 
able to give the radiation worker sufficient clear-cut facts about the 
nature of the hazards to permit him to decide whether the risk he is 
taking is acceptable to him. Part of the problem here lies in the fact 
that he has been told so much about the biological effects of radiation 
that he has become confused. This is particularly true in respect to 
the long-range effects of radiation. Since the worker does not have 
a proper understanding of the hazard, the employer has a greater 
responsibility in this case. Therefore, he must do everything he can 
to make the risk for radiation work at least as low as it would be for 
the other types of work with which the employee is more familiar, 
and he must do this regardless of the cost involved. However, having 
reached a point where the radiation work is as safe as other occupa- 
tions he has a right to balance further protection with the costs 
required to achieve it. It is my opinion that an employer will more 
than meet his obligation with respect to risk to the employee by 
applying the provisions of this proposed model code. 


2. Sources to be covered 


The rules in the proposed model are meant to apply to all kinds of 
radiation sources, except for very low-level sources which are carefully 
described. The sources exempted are believed to constitute no 
hazard to any individual or to the general public. The rules are not 
intended in any way to restrict the use of radiation for diagnosis and 
treatment by the medical profession. The code requires the regis- 
tration of sources—a practice generally supported by industry. 


8. Permissible limits 


The code adopts the maximum permissible limits and the maximum 
permissible concentrations for air and water which have been recom- 
mended by the NCRP. The limits are basically the same as have 
been included in the proposed revision to part 20 of the AEC regula- 
tions (20 CFR 10), but are somewhat more flexible to use. 

The NCRP limits have been carefully selected. Exposure at these 
limits for long periods of time, even a lifetime, would not be expected 
to cause injury, and due consideration has been given to the long-term 
effects, including the genetic effects. 

Many industrial plants—in fact all in my own company—have 
been operating to these limits for some time. The limits do not 
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ee be unduly restrictive, and we have noted no deleterious 
effects in the workers involved. 


4. Exposure records 


The model code requires that complete radiation exposure records 
be obtained and maintained for all persons working in areas where 
radiation sources are present. Details as to types of records and 
methods of recording are not specified. It is my feeling that this 
should be left quite flexible at least until a suitable American Standard 

rocedure can be developed. Such a standard is under preparation. 

here is no question, however, that every employer should obtain 
and maintain a complete industrial radiation history on every em- 
ployee engaged in vellntien work. 


5. Other provisions 


The proposed NCRP model code also has provisions dealing with 
monitoring, general control of sources, storage of radioactive materials, 
control of contamination spread, waste disposal, and other subjects. 
In general, these provisions specify the quality of performance to 
be achieved in these areas, but leave the facilities, methods, and 
equipment needed to accomplish the required performance to the users 
themselves. The code is written in this way nt it is impractical 
to set down detailed procedures which wiil be sufficiently protective 
for all situations without being prohibitively restrictive for many. 
Furthermore, specific requirements as to methods and equipment 
are likely to be quickly outdated and may utterly discourage any 
improvement in methods and equipment. It is these sections of the 
code which must be kept as flexible as possible. 


ADDITIONAL CONSIDERATIONS 
Uniformity 

Radiation-protection regulations adopted by various agencies of 
Government should be made as uniform as possible. It is obvious 
that many details of administration and enforcement of the codes will 
have to be geared to the organizational structure of the agency 
involved, but the basic provisions of all codes should be the same. 
Such uniformity is fundamental in establishing confidence among 
employers, oth’, and the general public that reliable standards 
have been achieved. 

There are several specific reasons why this is important. First, 
many industrial firms conduct radiation work in several States and 
need to use the same general safety practices. Second, many manu- 
facturers séll radiation-producing equipment, or products containing 
radioactive materials, throughout the United States. It would be 
difficult and costly to have to manufacture these products to different 
standards. Third, workers transferring from one position involvin 
radiation work to another in a different State should not be require 


to learn new standards of protection. 
Some of the provisions of radiation protection codes which are 
most important in achieving uniformity are the following: 
1. Definitions of basic terminology. 
2. Use of warning signs, symbols, and labels. 
3. Source registration procedures. 
4. Sources exempt from controls. 
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5. Permissible exposure limits. 
6. Basic requirements for obtaining and maintaining exposure 
records. 


Enforceability 


It must be remembered that the promulgation of a radiation pro- 
tection code does little in itself to assure radiation safety. To be 
effective, each provision of the code must be carefully administered 
and enforced. An agency should adopt only those rules it is staffed 
and equipped to deal with and should be slow to add new rules until 
it has had a chance to appraise the results of the ones already in effect. 
For the immediate future, at least, it is recommended that regulatory 
bodies confine their rules to— 

1. Registration of radiation installations. 

2. Inspection of these installations. 

3. Recording of radiation exposure to personnel. 

4. Reporting of radiation incidents. 
The regulatory bodies can supplement these preliminary rules with 
advice to all radiation users along the lines of the NCRP Model Code 
but should not attempt to put an extensive code into practice with 
limited manpower and equipment. 


EFFECTS OF REDUCED PERMISSIBLE LIMITS 


‘There has been considerable discussion during recent months about 
reductions in the maximum permissible exposure limits. Much of 
this discussion has been confused and misleading because it has been 
uncertain what limits are now being used. 

At the present time the official permissible exposure limits of the 
AEC are those appearing in part 20 of the AEC regulations (20 CFR 
10) which became effective in February 1957. Most of the State 
codes also use these same limits. These limits are out of date and, 
in fact, were out of date by the time they were put into use by the AEC, 
In January 1957, the NCRP published a statement recommending 
changes in the limits and these are the ones still recommended by the 
NCRP today. Thus, when we discuss a reduction of limits, we must 
make sure whether the reduction is to the existing official limits of 
the AEC or to the current limits recommended by the NCRP. 

Despite the fact that few of the regulatory codes now in place use 
the current NCRP exposure limits, it is believed that most radiation 
installations have adopted these limits on a voluntary basis. It has 
been our experience in General Electric that these limits are practical 
and we have encountered no serious problems in working to them. 
As far as I know, there has been no evidence reported anywhere to 
indicate that these limits are too stringent from an industrial view- 
point. : 

On the other hand, further reductions to the NCRP limits would be 
likely to pose serious problems. Most of the radiation installations 
and most products which generate radiation or use radioactive ma- 
terials have been designed to stay well below the NCRP limits now 
recommended. Large reductions in the limits would require changes 
in operations, and in facility and product. designs, Either large or 
small reductions in the NCRP limits would probably mean that in- 
dustry would no longer apply the generous safety factors they have 
in the past. Thus a reduction by a factor of two or perhaps five would 
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mean that industry would operate about as it does now, but would 
expect to have more exposures at, or near the maximum permissible 
levels. A reduction by a factor of 10 or more would be handled in 
the same way by many operations which have average exposures at 
_ these low levels now. Operations and products resulting in average 
exposures above such low levels would be modified to just meet the 
requirements. The net result would be general operations to the 
limits without applying any safety factors as we do now. This would 
lead to more “‘technical’’ overexposures, but no appreciable change in 
the exposure received by individuals or the general public. 


CONCLUSION 


It appears evident that the hazards of radiation have been given too 
much attention by regulatory agencies of Government and that the 
regulations developed have not generally been well conceived. It is 
recommended that— 

1. Regulatory agencies proceed slowly in the development of 
new regulations or in the modification of existing ones. 

2. The NCRP be permitted to continue its work in the same 
way that it has in the past. 

3. The NCRP recommendations be converted into workable 
standards through the procedures of the American Standards 
Association. 

4. Where regulatory action is believed to be necessary, the 
— code under development by the NCRP be used as a stand- 
ard. 

5. The permissible limits be held to the values now recom- 
mended by the NCRP. 


54561—.60.——9 





THE INTEREST OF THE STATES IN RADIATION 
PROTECTION CRITERIA 


(By Charles F. Schwan, Jr., Washington Representative, The Council 
of State Governments) 


The primary responsibility for protection of the public health and 
safety resides in the States. Organizational patterns vary, but in 
every State, at the State or local level, and often both, agencies are 
to be found whose functions are to guard the public health, promote 
industrial safety, provide police and fire protection and carry on 
similar health and safety promotion and protection activities. 

For a variety of reasons, for many years protection of health from 
radiation hazards did not receive the attention it merited. For one 
thing, only in comparatively recent years was it recognized that there 
was danger associated with radiation. For another, the extent of the 
danger was not known. Parenthetically, it might be observed that, 
if radiation hazards were understood as well as certain other health 
hazards, there would be little or no occasion for the Joint Committee 
on Atomic Energy to hold hearings on this subject at this time. 

Despite the effects of the uncertainties that inhibited legislative 
and administrative actions to meet the dangers of radiation, protective 
steps were taken by States before the opening of this ‘era of the atom,” 
although admittedly the pattern was uneven among States. Activity 
quickened following the enactment of the Atomic Energy Act of 1954, 
and may be expected to quicken further as a result of the amendments 
to the Atomic Energy Act adopted in 1959. 

It would appear that at this time 42 States have taken action of 
some kind to cope with dangers arising from radiation sources. 
Twenty-four States now require the registration of radiation sources. 
Seven States have adopted comprehensive radiation protection codes. 
With respect to atomic energy development and regulation, legislation 
has been adopted by 17 States providing for some kind of coordinating 
mechanism, and 23 States, by legis ative or administrative action, 
have established advisory or study groups. 

A major reason for the limited activity at the State and local level 
has been the shortage of personnel trained to implement any regula- 
tory program that might have been adopted. It is reasonable to 
expect that this shortage will be alleviated to a considerable extent 
during the next few years. For one thing, educational institutions 
are offering more courses and are training more students to work im 
the radiation protection field than they were a few years ago. Sec- 
ondly, programs of Federal agencies to train non-Federal personnel 
have had an effect already and should have a greater effect as they 
are enlarged. Thirdly, joint inspections of installations of Atomic 
Energy Commission licenses by Federal and State personnel will pro- 
vide useful ‘‘on the job” training for State employees. A logical next 
step might be authorization of agreements to provide that State 
employees make inspections for the AEC under some kind of a con- 
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tractual relationship. Already, of course, State and local health 
agencies are furnishing most of the manpower used to carry on the 
nationwide program of measuring radiation in air, water, and food. 

Presently the States have the responsibility to regulate health and 
safety hazards associated with such sources as naturally occurring 
radioactive materials, radioisotopes produced in particle accelerators 
and X-ray machines. As a result of agreements authorized by the 
amendments enacted in 1959, the jurisdiction of at least some States 
soon will be enlarged to include protection of the public health and 
safety from hazards of radiation arising from some combination of 
source materials, byproduct materials and special nuclear materials 
in quantities not sufficient to form a critical mass. 

Given the current number, and what may be expected to be the 
number in the reasonably foreseeable future, of trained personnel at 
the State and local levels of government, the jurisdictional limits 
described above appear to be reasonable and expedient. That these 
jurisdictional limits are reasonable and expedient does not mean that 
they are desirable. They are not. Other things being equal, the 
cumulative effects of radiation exposure would indicate that regulation 
and control should be the responsibility of one level of government, 
or even of one agency at one level. Since this cannot be, it follows 
that the closest possible cooperation and coordination of programs 
must be achieved between regulatory agencies at different govern- 
mental levels. 

The States and their local subdivisions cannot be indifferent toward 
hazards to public health and safety represented by activities con- 
tinued under Commission jurisdiction. The location of a production 
or utilization facility must be of concern to them. Disposal of waste 
in air or water adds to their problems. Disposal of high level wastes 
at sea cannot be ignored by maritime States. Similarly, waste 
disposal by land burial must be of interest to at least the State in 
which the burial takes place. With respect to shipment of radio- 
active materials, protection of the public health and safety is not 
markedly different whether the shipment is in interstate or intrastate 
commerce. Other examples might be given, but these should be 
sufficient to illustrate the necessity for intergovernmental cooperation 
and coordination of programs. 

All of the foregoing is illustrative of the great interest of the States 
in radiation protection criteria. There is yet another reason. The 
States are certainly concerned that there will be no impediments in 
the way of developing peaceful uses of atomic energy. ‘There can be 
no such development unless the hazards are understood and steps are 
taken to guard against them. 

Despite their interests and responsibilities, it must be admitted that 
the States have played a comparatively minor role in the development 
of radiation protection criteria and standards. The reasons for this 
are implicit, where they are not explicit, in the foregoing discussion. 
In the future they will have an opportunity to play a far larger role. 

As important as they are, standards are but one part of a radiation 
protection program. Others include education of users in avoiding or 
minimizing hazards, inspection of machines, installations and premises, 
and enforcement to insure that all requirements are met. In the latter 
three phases of radiation protection States may be expected to gain 
more and more experience as time goes on. In turn, it may be 
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anticipated that their advice and counsel will be more valuable in 
the further development and refinement of standards. 

To make their maximum contribution, the States must organize 
to administer effectively radiation protection programs. Where they 
have not already done so, they should adopt comprehensive public 
health and occupational safety codes. They need to take further 
advantage of educational and training facilities available to them. 
They should require the registration of all radiation sources, authorize 
and conduct inspections, require that records be kept, and provide 
the necessary enforcement procedures. Machinery adequate to 
secure cooperation and coordination among the several regulatory 
agencies should be set up. Resources—human and material—needed 
in an emergency should be inventoried and procedures evolved for 
their use. Appropriate authority to issue licenses should be given to 
State regulatory agencies. As their capabilities permit, the States 
should initiate efforts to enter into agreements with the Atomic 
Energy Commission to assume responsibility for protecting the public 
health and safety with respect to byproduct materials, source materials 
and special nuclear materials in quantities not sufficient to form a 
critical mass. 

Concerning the further development of standards, it would appear 
that some form of Federal-State mechanism will be necessary to insure 
that. there are not a host of competing standards. Helpful in this 
direction will be the requirement that as a condition precedent to the 
signing of a Federal-State agreement the Atomic Energy Commission 
find that the State’s program for the regulation of materials covered 
by the agreement is compatible with its own. Helpful, too, will be 
the assistance that the Federal Radiation Council will provide. In 
any event, it would appear that the leadership must be Federal given 
the defense interest, the international ramifications incident to 
weapons testing and waste disposal at sea and the authority and 
responsibihcy with respect to regulation that cannot be included in 
any Federal-State agreement. ‘That the leadership must be Federal 
should not preclude consultation and cooperation with the States, 
however. Radiation dosage, of course, is cumulative and, with or 
without a Federal-State agreement, much the greater part of the 
total radiation exposure received by the average individual at the 
present time results, and for the near future will result, from sources 
subject to State control. 





DEVELOPMENT AND ADMINISTRATION OF THE NEW 


YORK STATE RADIATION PROTECTION CODE FOR IN- 
DUSTRY 


(By Morris Kleinfeld, M.D., Director, Division of Industrial Hygiene, 
New York State Department of Labor) 


HISTORICAL BACKGROUND 


Since the discovery and pioneer investigations of X-rays and radio- 
activity in 1895-96, medical scientists have been studying the injur- 
ious effects of ionizing radiation. However, it was not until the re- 
sults of Martland’s studies of the bone damage to radium dial painters 
and the elucidation of the cause of lung carcinoma in European uran- 
ium miners that radiation attained recognition as an industrial hazard. 

The experiences of the New York State Department of Labor began 
in 1929 in the radium dial industry with studies of the employees and 
their environmental exposures. The industrial commissioner ap- 
pointed a committee of experts to develop a regulatory code for the 
industry. The attempt was abandoned after several years because 
(1) there was lack of agreement on exposure limits, (2) the required 
radiation instruments were too elaborate and expensive for general 
use, (3) there were too few people competent in the field of radiation 
safety, and (4) there was divided opinion on the necessity for a code. 

As industrial uses of radiation increased, the department’s division 
of industrial hygiene gained further experience with the hazards asso- 
ciated with radioactive waste disposal, radiographic inspection of ma- 
terials, gaging and static elimination by means of radiation, mass 
dental X-ray surveys, shoe-fitting fluoroscopes, veterinary X-ray ma- 
chines, and the contamination of mine atmospheres with radon. 

It was found that the traditional techniques of industrial hygiene 
engineering were applicable and effective in establishing control of 
radiation hazards, and tentative safety standards were set up and 
utilized. ‘The authority for enforcement of these criteria was derived 
from the general provisions of the State’s labor law. 

Certain States incorporated radiation protection standards copied 
from the American Conference of Governmental Industrial Hygienists 
and the National Committee on Radiation Protection recommenda- 
tions into their public health regulations. Others relied on enabling 
legislation to regulate the use of such sources as radioactive static 
eliminators and X-ray shoe-fitting fluoroscopes, and for controlling 
hazards in dial-painting plants. Only one State required that users 
of radioactive material obtain a license from the State. 

As industry further expanded its uses of ionizing radiation, it be- 
came apparent that a radiation safety code would be needed to provide 
better control for the following reasons: 

_1. With the increasingly widespread use of ionizing radiation, iden- 
tification of the users and location of the sources was becoming more 
difficult. Only by means of a code requiring registration of radiation- 
using plants could we be sure of getting this basic information. 
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2. Official standards were few and fragmentary. The criteria pub- 
lished by the NCRP and ASA were merely recommendatory. There 
was a need to define comprehensive State standards and techniques 
of safe performance having the force of law. 

3. An administrative mechanism for hazard control was required. 

4. There was a need to clarify jurisdictional responsibilities among 
the various interested State and local agencies. 

5. There was a need to define management’s responsibilities for 
radiological protection. 

On December 2, 1955, following 3 years of effort by an advisory 
committee of representatives from Government, industry, labor, 
finance and insurance, medicine and the physical sciences, industrial 
code rule No. 38 (radiation protection), became effective in New York 
State. The following principles guided its formulation: 

1. Flexibility—The great variety of radiation hazards and control 
measures made impractical a code of specific requirements for each 
type of source. Any means furnishing protection to the desired de- 
gree is considered adequate. The code may be considered as express- 
ing safety criteria in terms of standards of performance rather than as 
rigid and detailed specifications. 

2. Minimizing exposure.—Since all ionizing radiation is considered 
potentially harmful, the maximum aes limits must be con- 
sidered as absolute ceilings for exposure, not as “tolerance levels’’ or 
goals for design and operation of sources and installations. 

3. Preventability of radiation damage.—Since ionizing radiation may 
be readily detected and measured with instruments presently readily 
available, it can be effectively controlled and its injurious effects 
avoided. 

4. Definition of jurisdictions.—The code limited labor department 
jurisdiction to the control of radiation hazards to industrial em- 
ployees. Other areas, such as public health and medical uses, were 
assigned to the health department, which promulgated its own code 
shortly thereafter. 

5. Delegation of control to existing agencies.—Since ionizing radia- 
tion is but one of many industrial hazards, and controllable largely by 
similar techniques, there is little justification for creation of a new 
separate agency to deal with regulatory problems. 

It was believed for several reasons that a performance-type code for 
radiation protection could be more effectively enforced, at least in the 
initial phase, through education and persuasion rather than compul- 
sion. Radiation hazards and their control were relatively new and 
not well understood, and immediate insistence upon compliance might 
have stifled a growing young industry. There had been no previous 
experience with a performance-type code, and a period to gain famili- 
arity with its problems was needed. Since the major hazard was one 
of chronic exposure, a brief period of adjustment was considered safe 
and practical. 

A 3-month grace period was granted industry to become familiar 
with the code. There was widespread publicity of the registration 
and other requirements. 





RADIATION PROTECTION CRITERIA AND STANDARDS 117 


STANDARDS INCORPORATED IN RADIATION CODE 38 


A mention of the substance of -the technical and administrative 
standards in code rule 38 may be helpful in indicating its intent, 

Like those in other State and municipal codes, these standards are 
in conformity with the pertinent AEC regulations contained in parts 
20 and 30, title 10, Code of Federal Regulations. However, there is 
nothing in code rule 38 that resembles the AEC licensing procedures. 
The lahise department places no restriction on how radiation is to be 
used, other than requiring that it be handled in such manner as not 
to cause excessive exposure to employees. 

The standards are derived from those set forth by the National 
Committee on Radiation Protection in the National Bureau of Stand- 
ards handbooks, particularly Nos. 59, 61, and 69. These standards 
deal with the following points: 

1. All radiation sources must be located, identified, labeled, and 
registered with the department of labor. 

2. The hazard must be controlled in order that employees will not 
be exposed excessively to radiation from external sources or subjected 
to excessively high concentrations of radioactive contaminants in air or 
drinking water. The maximum permissible doses and concentrations 
which serve as criteria for excessive exposure are set forth. 

3. Areas where a radiation hazard exists msut be provided with 
warning signs or signals. 

4. A radiation protection survey based on radiation measurements 
and operating tests, must be made as necessary by a competent per- 
son. ‘The survey should include recommendations for remedial meas- 
ures where needed. 

5. Personnel working with or exposed to radiation must be properly 
instructed and cautioned. All sources must be used under suitable 
and competent supervision. 

6. Where a possibility of excessive exposure exists, personnel must 
be monitored with dosimeters, and air and water must be tested for 
radioactive contamination. 

7. Records of dosimetry, air-sampling results, and pertinent clinical 
data must be maintained by the owner or other person responsible for 
the source. 

8. Proper provision must be made for storage and safekeeping of 
radioactive material. 

9, Where unsealed radioactive materials are used, radiation- 
measuring instruments must be readily available. 

10. Instances of excessive exposure must be reported promptly to 
the Labor Department. 

About 10 States have radiation protection codes. Nine additional 
States have no code but require registration of radiation sources. 
Eleven municipalities have drafted regulations for radiation-protection 
and/or radioactive-waste disposal. The radiation-protection regula- 
tions adopted thus far are entirely consonant with the pertinent 
NCRP recommendations and AEC regulations. 

In March 1959, an office of atomic development, headed by a coordi- 
nator, was created in New York State by legislative enactment, The 
purpose of this new agency was to promote the development of the 
atomic energy industry and the uses of radiation, to coordinate the 
regulatory activities of the various State and local agencies, and to 
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— liaison with Federal agencies such as the AEC and Public 
ealth Service. Thirteen other States have created similar agencies 
for these purposes. 

To date there are approximately 650 installations with nearly 7,000 
pieces of radiation-producing equipment and excluding that which is 
specially classified, 60,900 curies of radioactive material registered with 
the New York State Department of Labor. These figures represent a 
100-percent increase over a 4-year period. Approximately 5,500 
workers are exposed to some degree to ionizing radiation in the 
installations. 

As of this date, practically all installations, except those registered 
just recently, have been inspected and evaluated. Compliance under 
normal operating conditions with the occupational exposure limita- 
tions has been universally achieved. In a few cases it has been neces- 
sary to prescribe additional protective measures to insure that the 
dose limits to personnel working in uncontrolled areas would not be 
exceeded. Limits for uncontrolled areas are one-tenth of those 
prescribed for usual occupational exposure. 

In order of frequency, the most commonly encountered modes of 
noncompliance are failures to (1) perform an adequate survey, (2) 
monitor exposed personnel, (3) maintain radiation records, (4) register 
radiation sources, (5) report accidental overexposures, and (6) post- 
radiation areas. 


EVALUATION OF OCCUPATIONAL RADIATION EXPOSURE IN NEW YORK 
STATE 


A recently completed study of nearly 5,000 exposed industrial 
workers in New York State indicated that nearly 95 percent of their 
recorded weekly occupational exposures were below 0.05 rem per week, 
or half the presently accepted exposure limits. The total aggregate 
annual exposure of radiation workers and other exposed personnel 
working in uncontrolled areas adjoining installations was estimated to 
be about 2.5 percent of the total estimated dose received by the State’s 
population through background and miscellaneous sources in the gen- 
eral environment. 

Only in radium-processing and dial-painting plants, the aircraft 
manufacturing industry, industrial testing laboratories, nuclear fuel 
element fabrication facilities, and radioactive battery manufacturing 
plants were there a significant fraction of employee exposures in excess 
of 0.05 rem per week. In all these installations control measures are 
being improved and the trend is toward steadily decreasing exposure. 
It can be said on the basis of the department of labor study that the 
technical and administrative criteria promulgated by the NCRP are 
certainly enforcible and feasible throughout a wide variety of radia- 
tion-using industries. The results of the study are in accord with and 
confirm the findings of similar studies made by several national atomic 
laboratories and large corporations in this country and by the British 
Atomic Energy Authority. The study in New York State of occupa- 
tional exposure indicates that the extent of neighborhood exposure 
through industrial radiation sources is low. It is no more than 0.5 
rem per year to any individual outside of plants using radiation. 

It should be noted that it was not always possible in the course of 
the study to obtain complete and accurate information on p 
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exposure of radium workers and industrial radiographers employed 
since the 1920’s. One may infer that many such workers have ex- 
ceeded the maximum permissible lifetime exposure. 

Over 20 instances of exposure to radiation in excess of the limits 

rescribed by code rule 38 have been reported to the New York State 
Vepastanes of Labor during the last 5 years. In eight, the reported 
excessive readings were found to be invalid, and may be ascribed, on 
the whole, to faulty dosimetry techniques. 

There were 14 verified instances of actual overexposure; 5 were 
chronic in nature; 6 were acute, external overexposures and 3 were 
acute, internal overexposures. The acute overexposures resulted from 
accidents; the chronic overexposures were associated with routine 
operations. 

Seventeen employees showed various biological effects such as radi- 
ation burns, blood abnormalities, and retention of radioactive material 
in the body. 

The factors most frequently responsible for the exposures were lack 
of supervision, lack of awareness of the hazard, and failure to provide 
or maintain appropriate protective devices. 

In general, the data indicate that the incidence of radiation over- 
exposure and injury is extremely low as compared with those ascribed 
to other toxic industrial hazards such as dusts and solvents. 


PROPOSED REVISION OF RADIATION CODE 38 


Since July 1957, the industrial commissioner’s advisory committee 
has been drafting revisions of code rule 38. The principal reason for 
revision is the need for incorporation of the newly promulgated 
NCRP standards for radiation exposure limits, which have been 
adopted by the AEC and other agencies having jurisdiction in the 
field. In essence, the new NCRP standards abandon the weekly dose 
as a unit for measurement of radiation exposure in favor of a quarterly 
and lifetime dose which, on the basis of cumulative exposure, is lower 
than the old limit by a factor of three. 

Other changes now being contemplated would omit the requirement 
for labeling with the radiation symbol of small sources, presently 
exempt from registration; change the criterion for exemption of high- 
voltage thermionic equipment from operating voltage to radiation 
output; make requirements for handling radioactive wastes within a 

lant consistent with the waste-disposal rules set up by the State 
ealth department; require fireproof and waterproof storage facilities 
for large quantities of radioactive materials; require decontamination 
by the owner of a vacated radiation installation; and guard against 
accidental formation of a critical mass in storage of fissionable material. 

The purpose of these proposals is to facilitate better coordination 
with other regulating agencies. This will be especially important if 
transfer of licensure and inspection responsibilities are transferred 
from the AEC to the States. In addition they will provide standards 
for safe performance in areas not previously covered, as indicated by 
the labor department’s experience to date in administering the code; 
eliminate unnecessary restrictions which might discourage the safe 
use of radiation sources by industry; and keep standards in accord 


With the latest recommendations of recognized authorities on radia- 
tion safety. 
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On the whole, comments from individuals throughout industry and 
the labor department’s experience indicate that nearly all industrial 
users of radiation can readily comply with the proposed new require- 
ments. The small group of users who de anticipate some difficulties 


in achieving full compliance are already planning measures to meet 
the new standards. 


PROBLEM AREAS IN RADIATION PROTECTION 


A number of problem areas have arisen in the course of adminis- 
tering industrial code rule 38. These are highlighted below. 


Standardization of instrumentation and equipment 


A need exists for standardization of radiation-measuring instru- 
ments and devices whose design, construction, and performance 
should meet definite criteria. 

The American Standards Association has been drafting detailed 
specifications to assist users of radioactive material and radiation- 
producing equipment in meeting operating standards. This activity 
should be accelerated and exapnded. 


Uniformity in reporting and recording data 

There should be standardization within and among official regulat- 
ing agencies in recording exposures, bioassay results, survey measure- 
ments, observations, and other data to facilitate comparison of ex- 
perience. 
Communication between governmental agencies and the public 

Existing programs for education of the public on matters of radio- 


logical health and safety should be expanded and improved. They 
should be designed to dispel misconceptions and to convey useful 
information in a readily understandable manner. 





RADIATION PROTECTION IN NEW YORK 


(Prepared by Oliver Townsend, Director, Office of Atomic Develop- 
ment, State of New York) 


There are three principal agencies in New York State with regu- 
latory authority in the field of radiation protection. Each of these 
has adopted a radiation code, and each within its jurisdiction requires 
registration of radiation sources and carries out a program of inspec- 
tion. The three agencies and their respective jurisdictions are as 
follows: 

1. New York City Department of Health: Public and medical 
health within the city of New York. 

2. New York State Department of Health: Public and medical 
health throughout the State, except for the city of New York. 

3. New York State Department of Labor: Industrial health 
and safety throughout the State, including the city of New York. 

The radiation codes of these three agencies are similar to each other 
in their essential respects and they all incorporate standards which 
conform with the standards utilized by U.S. Atomic Energy Com- 
mission regulations. Collectively, the State’s three radiation codes 
cover all sources of radiation within the State, including such sources 
as X-ray machines, nuclear particle accelerators and radium, as well 
as atomic energy byproduct materials, source materials and special 
nuclear materials. With regard to those sources over which the 
Atomic Energy Commission, under the Atomic Energy Act of 1954, 
also asserts authority, no jurisdictional disputes have arisen between 
the State and the Federal Government and no State agency has chal- 
lenged the authority exercised by the Commission. 

The activities of the State’s regulatory agencies are coordinated by 
the State’s Atomic Energy Coordinating Council, of which the heads 
of the regulatory agencies are members and which functions under 
the chairmanship of the director of the State’s Office of Atomic Devel- 
opment. Under the State Atomic Energy Law of 1959, coordination 
is also achieved through a provision in the law that all regulations 
and amendments thereto directly and primarily related to atomic 
energy must be reported to the Office of Atomic Development 90 days 
before they become effective, unless this waiting period is waived by 
the Governor or the director of the office. 

_The director of the Office of Atomic Development, on behalf of the 
New York State government, informed the U.S. Atomic Energy Com- 
mission on September 28, 1959, that the State wished to negotiate an 
agreement with the Commission of the type authorized by the Federal- 
State Cooperation Amendment of 1959 to the Federal Atomic Energy 
Act. This amendment authorizes the Commission to enter into agree- 
ments with the Governors of individual States under which the Com- 
Mission would discontinue within such States its regulatory authority 
over byproduct materials, source materials and special nuclear mate- 
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rials in quantities not sufficient to form a critical mass, this to be done 
upon a finding by the Commission and a certification by the Governor 
of the State that the State is qualified to exercise regulatory juris- 
diction over vhese areas. 

In a letter of April 12, the Acting Chairman of the Atomic Ener 
Commission, John F. Floberg, informed the Governor of New York 
that— 


because of the great interest of your State in atomic energy and of your many 
atomic energy activities, we would hope that you would be willing to take the 
lead in this matter of reaching an agreement and to serve as an example for the 
other States to follow. If we or our staff can facilitate your consideration of 
this material, please let us know. 

At the same time the Commission transmitted to the Governor its 
“Proposed Criteria for Guidance of States and the AEC in the Dis- 
continuance of AEC Regulatory Authority Over Byproduct, Source 
and Special Nuclear Materials in Less Than a Critical Mass and the 
Assumption Thereof by States Through Agreement,” and invited the 
State’s comments on the criteria preparatory to the negotiation of an 
agreement. These comments are now in the process of being prepared 
by the Atomic Energy Coordinating Council with the advice of the 
State’s General Advisory Committee on Radiation Utilization. 

In addition to finding that a State is qualified to assume exclusive 
regulatory jurisdiction over the fields authorized by the Federal-State 
Cooperation Amendment of 1959, the Commission must also find that 
the State’s regulatory standards and procedures are compatible with 
those of the eee Energy Commission before an agreement can be 
entered into. In their present form, the Commission’s criteria would 
require that States entering into agreements with the Commission be 
in a position to exercise regulatory authority by means of a licensing 
system. In New York State, the Labor Department and the New 
York City Health Department have possessed authority to issue 
licenses for the possession and use of radiation sources for several 
years, but have never utilized this authority. The State legislature, 
in its 1960 session, in anticipation of a regulatory agreement with the 
Atomic Energy Commission, also granted express authority to the 
State Department of Health to regulate by means of a licensing sys- 
tem the possession and use of atomic energy byproduct, materials, 
source materials and special nuclear materials in quantities of less 
than a critical mass. 

In addition, the New York State Legislature, in its 1960 session, 
expressly authorized the Governor to enter into an agreement with 
the Atomic Energy Commission and authorized the Office of Atomic 
Development to enter into any necessary related, subsidiary agree- 
ments on behalf of the State. New York State is consequently pre- 
pared, so far as State law is concerned, to enter into an agreement 
with the Commission. 

In the event that an agreement is signed by the State of New York 
and the Commission, it is expected that the coordination of the licens- 
ing and regulatory aetivities of the State Departments of Health and 
tater and the New York City Health Department will be accom- 
plished, in the interests of uniformity and the elimination of duplica- 
tion, by a Committee on Licensing and Regulation of the State’s 
Atomic Energy Coordinating Council. 
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With regard to radiation protection standards, it is the view of the 
New York State Office of Atomic Development that these should be 
established at the national level with all interested qualified parties, 
including State public and industrial health officers, provided an 
adequate opportunity to participate. It is clearly desirable that 
standards be uniform throughout the Nation and that they be estab- 
lished by the best scientific and medical talent that the Nation can 
mobilize. There is, in our judgment, a legal question as to the extent 
that individual States can contractually obligate themselves in an 
agreement with the Federal Government to adhere to standards es- 
tablished at the national level, but this is clearly, in our view, a highly 
desirable goal. Its achievement, we believe, is made easier by the 
obvious need for reciprocity between States and the Federal Govern- 
ment, and by the authority of the Federal Government, under section 
274(j) of the Federal Atomic Energy Act, to terminate or suspend 
its agreements with States if this becomes necessary in order to protect 
the public health and safety. 


t 
j 





STATEMENT OF AMERICAN FEDERATION OF LABOR 
AND CONGRESS OF INDUSTRIAL ORGANIZATIONS 


The American Federation of Labor and Congress of Industrial 
Organizations has outlined its general position on the matter of occu- 
pational hazards and the allied field of workmen’s compensation in 
the field of radiation on a number of previous occasions before the 
Joint Committee on Atomic Energy. Organized labor’s position has 
been and continues to be consistent, and is a matter of record. 

By way of brief summary, this is labor’s policy and program, as set 
forth in the AFL-CIO atomic energy resolution adopted in 1959: 

Policy.—‘‘To achieve greater protection to the health and safety of 
workers and the general public from radiation hazards.”’ 

Our approximate estimates assume from 300,000 to 400,000 workers 
in the United States in jobs where to a greater or lesser extent, there is 
actual or possible exposure to ionizing radiation. 

Being in the advance guard of the new atomic-industrial age, the 
concern of the AFL-CIO in supporting the rapidly expanding uses of 
atomic energy for peaceful purposes, extends with equal weight to 
making sure that such development “proceed hand in hand with, but 
not at the expense of workers and the general public.” 

The AFL-CIO believes that “By its very nature the problem of 
protecting workers and the general public against radiation hazards, 
Is & national, not merely a local problem.” We therefore continue to 
hold strongly to the view that “basic control of radiation hazards” 
should continue to be a Federal responsibility and that “Reorganiza- 
tion of this responsibility, not its diminution is required.” 

Organized labor’s strong opposition to Public Law 86-373 is based 
on the above premise. We feel that this law was poorly conceived, 
at very best premature. It places regulatory powers on radiation 
health and safety into the hands of State Governments, which in large 
part do not possess the resources to carry out the kind of programs 
required to give workers and the public justified confidence that strong 
protection from radiation hazards will provide. We think this law 
raises more questions than it answers. 

For the same reasons, the AFL-CIO condemns the totally inade- 
quate approach to the problem of achieving adequate radiation 
workmen’s compensation standards and programs through the in- 
strumentality of the various States. 

Program.—The AFL-CIO proposes amendments to Public Law 
86-373 transforming the amorphous Federal Radiation Council into 
a genuine action agency, a part of the U.S. Public Health Service. 
The Council would be responsible for establishing and improving 
standards which would constitute the minimum safe levels of ionizing 
radiation exposure to human beings in the United States. 

We propose that the Federal Radiation Council be empowered to: 
(1) Review all license applications to the Atomic Energy Commission 
for use of fissionable material to insure that all health and safety 
regulations and standards are met; (2) Require that approved State 
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plans include jurisdiction over X-ray, radium and particle accelerator 
exposure ; (3) Make continuing studies on radiation and submit annual 
reports and recommendations to the Congress; (4) Be composed of all 
Federal agencies in addition to those presently represented which deal 
in any fashion with radiation, and (5) Be represented at least on an 
advisory level by representatives of organized labor, of management, 
and of the public at large, including the scientific community. 

The AFL-CIO seeks legislation establishing uniform Federal stand- 
ards governing the administration of State workmen’s compensation 
programs for accidents, illnesses or deaths caused by overexposure to 
ionizing radiation. Those who so strongly advocate handing to the 
States regulatory jurisdiction over occupational radiation health and 
safety programs, were equally strong advocates of full financial Fed- 
eral underwriting of legislation enacted into law a few years ago to 
protect private industry and the public in the event of nuclear aec- 
cident. 


Radiation exposure criteria and standards 


The devising of standards fixing a safety level of exposure to ioniz- 
ing radiation for workers or the general population stems from know]l- 
edge of radiation itself, its biological effects and employment of com- 
mon units of measurement. The general tendency has been to revise 
these exposure levels downward. 

Lack of adequate knowledge to fix exposure levels to points which 
leave little room for probable error has resulted in disagreement 
within the scientific community, and raises difficulty to relating a 
scientifically determined level to one established by law or regulation. 

The AFL-CIO cannot second-guess scientists but we wish to 
emphasize the general agreement among them that any degree of 
radiation received by human beings is potentially harmful and that 
the safest rule is therefore: the less radiation exposure, the less risk. 

We take strong exception to the philosophy of risk involved in the 
establishment of radiation exposure standards, whereby the cost of 
safety devices and procedures is the ruling consideration, rather than 
the desirability of preserving the safety of human beings. This is 
a reversion to the old management theory that human beings are 
easier to replace than expensive machinery, a theory which should 
be strongly repudiated. 

We express the hope that the statistical assumptions underlying 
the establishment of exposure standards will be carefully evaluated 
in the forthcoming hearings, in such a way that the general public 
will have a basis for understanding the degree of their validity. We 
hope for a clear explanation for the public as to how radiation ex- 

osure levels are determined and why the unique nature of radiation 
1azards requires such determinations. 

Finally, we hope an area of debate will be opened as to whether or 
not the National Committee on Radiation Protection and Measure- 
ment, a quasi-public group, should continue in effect to set radiation 
exposure levels in the United States, through the newly constituted 
Federal Radiation Council, or whether the latter should, as we strongly 
believe, be given this authority by amendment to Public Law 86-373. 
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Administration of radiation protection standards 


When the Atomic Energy Commission published its proposed 
amendments to part 20 of its regulations on May 6, 1959, the AFL- 
C1O took exception to a number of provisions therein and submitted 
proposed amendments. These were included on June 29, 1959, in 
the record of the recently concluded 202 hearings before the Joint 
Committee. 

Since that time representatives of our staff subcommittee on 
atomic energy and natural resources have met a number of times 
with members of the Commission’s staff to discuss our proposed 
changes. We appreciate the spirit of cooperation offered by the 
Commission staff. 

In reviewing the situation, however, nearly a year has elapsed since 
the proposed amendments appeared in the Federal Register and there 
is every indication that they will not be adopted with whatever 
changes for another 30 to 60 days. It is quite likely in our estimate 
of the situation that the part 20 regulations will not be made effective 
on licensees of the Commission until 1961, a delay of 19 months from 
their initial promulgation in the Federal Register by the Commission. 

One of the reasons for this delay is the method used by the Commis- 
sion in dealing with the proposals of organized labor on the one hand 
and management on the other, with respect to proposed modifications 
to the amended part 20 regulations. 

At no time did representatives of labor and of management sit 
down with representatives of the Commission staff to discuss and 
possibly to reconcile their differences on aspects of the proposed regu- 
lations. On the other hand, we regret to say, certain of labor’s pro- 
posed changes apparently were shown to representatives of manage- 
ment, while we have never been given an equivalent opportunity to 
see those offered by management. 

This is not in any way an attempt to deny that labor has been 
given, during the past year, an opportunity to discuss in a better 
framework of understanding its problems in the field of radiation 
protection with the Commission staff than has been true in the past. 

Nevertheless, there is still considerable room for improvement. 
We propose to the Joint Committee once again, the desirability of 
amending the 1954 act in order to establish a statutory Labor-Manage- 
ment Advisory Committee to aid in developing in an orderly and rec- 
ognized fashion, sound programs of particular labor-management 
concern of which the amendments to part 20 are a case in point. 

We strongly recommend that the forthcoming hearings bear strongly 
on the administration of regulations based on exposure standards with 
special reference to achieving better understanding of workers as to 
their rights and responsibilities. 

This should include: 

1. Uniformity of application. 

2. Access of workers to exposure history. 

3. Regular reports to workers of their radiation exposure. 

4. Maintenance of exposure records. 

5. Access to safety procedures of licensed operators of the 
Commission. ; 

6. Publication of notice to employees in the plant. 

7. Complaint procedures. 
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The whole degree of confidence among workers and the general 
public, that peaceful atomic deyelopment is proceeding with the full- 
est possible safeguards against exposure to radiation, is bound up in 
better understanding about the matter at hand in the forthcoming 
hearings. The record, therefore, should be made with this as a guid- 
ing aim. 

For review of a number of allied matters pertaining to radiation 
problems in organized labor, we suggest consulting the Joint Com- 
mittee report on the March 1959 hearings, before the Subcommittee 
on Research and Development, on Employee Radiation Hazards and 
Workmen’s Compensation, as follows: 

1. Andrew J. Biemiller, AFL-CIO (pp. 544-545, 547 ff.). 
2. Elwood D. Swisher, Oil, Chemical and Atomic Workers, 
AFL-CIO (pp. 558-559, 565). 
3. James A. Brownlow, Metal Trades Department, AFL-CIO 
(pp. 573, 576-577). 
4. Leo Goodman, United Auto Workers, AFL-CIO (p. 591 
5. Leonard English, International Association of Fire Fighters, 


AFL-CIO (pp. 690-694). 
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STATEMENT OF FRANCIS W. DRESCH, STANFORD 
RESEARCH INSTITUTE 


U.S. Nava RaproLoeicaL Derense LaBoratory, 
San Francisco, Calif., April 21, 1960. 
Mr. James T. Ramey, 
Executive Director, Joint Committee on Atomic Energy, Congress 
of the United States, Washington, D.C. 

Dear Mr. Ramey: In compliance with your request, there is enclosed 
a statement prepared by Mr. Francis W. Dresch, manager, industrial 
operations research and electronic data processing, Stanford Research 
Institute, Menlo Park, Calif., for use in connection with the hearings 
on “Radiation Protection Criteria And Standards: Their Basis And 
Use.” Mr. Dresch’s statement pertains to that part of the committee 
outline bearing on the use of social and economic concepts in evaluating 
protection against radiation hazards. 

Mr. Dresch was understandably reticent about submitting this state- 
ment because the time available precluded the possibility of develop- 
ing a considered opinion representing the views of the institute staff 
or its management. For the same reason, this statement must be 
viewed as the initial thinking of an individual who was asked to 
consider the way in which his background could be used to apply to 
a field (radiation protection) in which he claims no proficiency. 

The cooperative spirit displayed by Mr. Dresch and the institute 
management when I approached them on this subject has been a 
gratifying experience which I want to acknowledge. 

Sincerely, 
Pau C. Tompkins, 
Scientific Director. 


1. SoctaL AND Economic Concepts IN EvALUATING PROTECTION 
Acatnst Hazarps 


Expenditures for protection against radiation or other hazards 
serve to reduce the degree of hazard either for individuals, groups, the 
whole community, or ‘for future generations. Any attempt to develop 
a rational framework for evaluating or comparing alternative pro- 
grams of protection must cope with several types of conceptual prob- 
lems: 

(1) Devising ways of measuring hazards in the aggregate. 
This involves the question of devising scales for measuring the 
relative importance of different types of dam: age—sickness, injury, 
disablement, genetic damage, death. 

(2) Devising ways of weighting hazards to different persons 
or groups. This involves imputed values to the contribution of 
particular groups to current national objectives—for example, 
contributions to a war effort, as well as bases for permitting in- 
dividuals to voluntarily assume abnormal risks. 
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(3) Placing a dollar value on the worth of increased protection 

and implicitly on human life and other human values. 

(4) Measuring the cost of imposing standards that restrict the 
liberty, function, or efficiency of individuals or groups. 

Similar conceptual difficulties have arisen in other fields, and the 
solutions or conventions adopted there may provide useful precedents 
in assessing the importance of particular efforts for hazard protec- 
tion. The courts, over the years, have established a scheme of values 
for human life either in absolute terms measured in dollars or in rela- 
tive terms for comparison with lesser degrees of damage. If the 
absolute value scale developed in damage suits is impractical for ap- 
plication to general evaluation of hazard protection, the relative 
scales employed in tort cases might serve as guidance in establishing 
a flexible value scale. Although the philosophy underlying most 
court decisions is understood to be compensation for loss of earning 
power, many court settlements have had to deal with intangible losses 
as well. 

For any national hazard protection plan, damage to national objec- 
tives, genetic damage to the race, and other social values may tran- 
scend loss to individuals and may impose a higher level of valuation 
above the laissez faire economic loss philosophy followed by the 
courts. In times of national emergency, the military, the scarce spe- 
cialist, or the political leader, for example, may rationally be assigned 
some higher priority. Moreover, the risks taken by individuals must 
be weighed against a higher background of risk imposed by the 
emergency. 

To establish some rationale for evaluating hazards in the aggre- 
gate, some composite reflecting economic factors, contribution to na- 
tional objectives, and social values appears necessary. If a single 
objective were appropriate, the evaluation of damage might be di- 
rectly evaluated by estimating the loss to some national objective be 
it national productivity weighted by economic or national values, war 
waging potential, or whatnot. The relative weighting of different 
types of damage and risks to different individuals even in this case 
remains complex and involves the first two conceptual problems. 

If one succeeds in devising a measure of hazard that permits assign- 
ment of a single number or penalty to a given complex of hazards, 
such a measure could be treated as a scale that reflects costs of the 
hazard situation. This may or may not be proportional to real costs 
in some absolute sense but should at least increase with them as a 
thermometer rises with temperature. If the penalty associated with 
hazards can be related to costs of protection designed to reduce haz- 
ards, one can effect an interconnection between penalty and dollars 
through the relationship established. 

Money spent for protection reduces risk. If it is spent as effi- 
ciently as possible it reduces risk as much as possible, that is, down to 
some “efficient” curve such as that shown in figure 1. 

Points above the curve correspond to inefficient allocation of funds 
among alternative types of protection and waste money by failing to 
reduce risk as much as possible. The efficient curve shown represents 
the most that can be accomplished by any given expenditure of money. 
Determining the optimum allocation of given funds among various 
modes of protection could be a researchable problem, once adequate 
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scales of measurement have been devised. This problem can be 
treated even if the appropriate absolute scale of “risk” is not estab- 
lished, since any method giving minimum risk for given expenditure 
is still applicable. 


t 


RISK = AMOUNT OF 
RESIDUAL 
HAZARDS 






op BY MORE EFFICIENT ALLOCATION 
OF FUNDS SPENT ON PROTECTION 
* 


GOST =TOTAL COST OF PROTECTION => 


Figure l. 


The total allocation of funds for protection assigns in effect an 
imputed dollar value to risk since the slope of the curve in figure 1 
represents the decrease in minimum risk that can be bought with an 
extra dollar of protection. Here the scale selected for risk is a factor 
in the relation. 

The task of estimating the costs of imposing restrictive standards 
is quite different. Here the loss of efficiency due to required use of 
protective clothing, limits on exposure, or other safety standards must 
be evaluated as dollar costs reflecting this loss of efficiency—measured 
perhaps by extra hours of work required. These costs should then 
be included in the total costs of a given complex of protection. 

Certainly hazards to individuals and to the whole population pose 
different types of problems and require different standards, but a 
common philosophy of risk allocation might apply to both. The 
background level of risk against which special hazards must be meas- 
ured will vary with the local environment and with the times. Any 
philosophy of risk must concern itself solely with hazards in excess 
of normal background danger levels. Radiation hazards differ from 
other hazards in that cwmulative dosages are important. If this is 
properly allowed for, the philosophy of risk that is applicable ap- 
pears to be no different from that relevant to other hazards. Much 
work remains to be done, however, before any universal philosophy 
of risk can be even crudely formulated. 
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RADIATION PROTECTION STANDARDS AND “COSTS” 


(By J. W. Healy, Hanford Laboratories, Hanford Atomic Products 
Operation, General Electric Co., Richland, Wash.) 


Many factors are involved in the establishment and use of limits 
for radiation exposure, particularly since the uncertainties involved 
in the scientific knowledge of the effects of low doses are relatively 
large. The widespread assumption of a response characterized by the 
lack of a minimum dose required to produce damage requires one to 
consider that any radiation exposure will produce damage to some of 
the people involved. The acceptance of such a postulate, for setting 
limits, then requires that we arrive at final limits by a procedure in- 
volving a balance of the amount of injury against the expected benefits 
from the use of radiation with adequate attention given to both injury 
and benefits. The following material provides information on the 
costs involved with radiation protection; some considerations on the 
use of present limits and a brief comparison of the derivation of radia- 
tion limits with those in other fields. 


HEALTH AND SAFETY STANDARDS 


Health and safety standards have been derived for many agents 
aside from radiation, as for example the maximum allowable concen- 
trations for various toxic agents. The methods of derivation are, in 
general, similar including a review of industrial experience with the 
materials and the use of animal experimentation. There are many 
compounds available which can be toxic, and the investigation of the 
toxicity of any one of these has not been as detailed nor as extensive 
as the biological studies now available for radiation. Most of the 
standards for toxic materials are set upon the basis of preventing 
certain specific reactions which can usually be related to the toxic ma- 
terial involved. For example, in silicosis the manifestation is a par- 
ticular set of physiological and histological conditions which distin- 
guish the disease. The effects of benzene and other organic materials 
on the body are reasonably well known and can be distinguished by 
thorough medical examinations. For this type of injury it 1s assumed 
that a true threshold exists; i.e., that the damage can be repaired by 
the body with no overall harmful result until a given toxic level is 
reached. For many of these agents, it is possible to detect incipient 
signs of damage prior to the time that the effects become irreversible. 
Thus, it is possible to observe the levels at which a threshold response 
is noted and utilize them as a basis for setting a ‘‘safe’’ level. 

The primary basis for radiation protection standards today is con- 
sideration, not of the more characteristic systemic effects such as 
aplastic anemia, radiation dermatitis, ete., but rather of the much 
later effects such as the carcinogenic action or genetic effects. It 
is interesting to note that the question of the possible carcinogenic 
action of certain materials has been raised as, for example, Stokinger’s 
discussion of nickel carbonyl(1). In this case, he states that a tenta- 
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tively safe level for systemic effects from repeated daily exposure has 
been set at 0.1 parts per million. A value of 1/100 of this level or 
0.001 parts per million was set on the basis that nickel poisoning 
gives rise to a substantial increase in the incidence of lung cancer. 
Thus, it can be seen that there is little real difference between the 
methods of deriving standards for various agents with the possible 
exception that the proven carcinogenic action of radiation plus the 
large amount of information now available on the late biological 
effects of radiation, as compared to that available for chemicals, has 
led to an emphasis on these effects of radiation to the point where they 
are the controlling criteria in setting the levels for chronic exposure. 


APPLICATION OF STANDARDS 


Any standard which is used for control must be interpreted in terms 
of the conditions under which is to be applied. In the application 
of such a limit, much depends upon whether the standard is inter- 
preted as a guide to be used in judgment in design and operation or 
whether the limit is to be used as an absolute limit with enforcement 
if the conditions exceed those specified. Present basie limits for 
radiation protection specify the radiation dose which should be re- 
ceived by certain critical organs. In general, one can measure rel- 
atively small quantities of radiation and, of more importance, one 
can put devices on a person to measure his individual exposure. This 
permits a running record of the reading on the device. This reading, 
however, must be interpreted in terms of the radiation dose to the 
critical organ before the recommendations now available can be 
applied. Since the readings on such individual devices are widely 
used to show compliance with standards or legal codes, such standards 
are presently being interpreted as though they state that the device 
being utilized for measurement should not read greater than a given 
amount. 

It is possible that an individual exposed to exactly the maximum 
permissible limits, as indicated by the measurement, may actually 
receive doses to the critical organ system somewhat less than or some- 
what greater than the permissible limit. If the recommendations 
are to be used as guides in providing protection, this discrepancy is 
not serious since the maximum permissible limits are a somewhat 
arbitrary balance of various factors and uncertainties and slight un- 
certainties in recording the exposure are insignificant. If, however, 
the limits are mandatory, the standards must be stated as measure- 
ments on a given instrument, standard conversion factors must be 
given, or the operating limits must be lowered to a point where it is 
improbable that any individual exceeds the limit even with the un- 
certainty in measurement. 

In the case of internal emitters, the primary limitations are the 
radiation dose to a given critical organ or, in the case of bone seekers, 
the energy release from the radionuclide as compared to the energy 
release from radium.(2) The maximum permissible concentrations 
in air and water are derived by further utilization of biological data. (3) 
In particular cases, the use of the maximum permissible concentration 
to control the quantity of radioactive material to which people are 
exposed can be overly restrictive or nonrestrictive. Four example 
the MPC for a material which has a long effective time of residence in 
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the body is calculated on the basis that an individual will be exposed 
to the material over a period-of time comparable to a lifetime. At 
the end of this time, the quantity in the body will have increased to 
that amount which will give the maximum permissible radiation dose. 
Thus, a momentary exposure to a concentration somewhat greater 
than that listed as the maximum permissible concentration is really 
unimportant in terms of the basic limitations on radiation dose. In 
this case, the MPC’s are primarily intended to provide criteria to be 
used in designing a facility and indicating to the operator that some 
action is required. 

The MPC’s are frequently used to designate the limits for air and 
water in the environs, usually with a reduction factor to allow for 
considerations involved in exposing populations. In these cases, many 
radionuclides can be concentrated to a marked degree by biological 
or physical processes.(4) Such processes can result in concentrations 
in foodstuffs such that only a relatively small quantity of the food 
need be ingested to equal that amount which would be taken in if 
the full day’s drinking water were obtained from the source. In 
these cases, then, the MPC’s are not adequate to guide the actions 
of people carrying out waste disposal operations. From these stand- 
points, the standards labeled as “‘maximum permissible concentra- 
tion,’’ would be more appropriately labeled as “ control concentrations” 
since they are intended primarily to indicate the need for action 
rather than to indicate that quantities slightly above this will produce 
a dangerous situation. 


“cost’’ CONSIDERATIONS 


Health and safety costs have been debated for many years with no 
real resolution of the problems, primarily because of the indefinite 
nature of many of the costs and their close relationship to the more 
direct operating costs in many areas. If, for example, a supervisor 
is charged with the responsibility of the safe performance of a task, 
how much of his time should be charged as an item of safety costs? 
In the design field, many of the “safety” items are integral parts of 
the facility or machine frequently with purposes other than safety 
alone. Should a reactor shield be considered as an item of safety 
cost, since it does protect people, or should it be a part of the equip- 
ment, since the reactor is of little use if people cannot operate it? 
There is little real hope of answering such questions in a definitive 
manner, although some direct costs and/or design projects which 
result in lowered exposure can be used to illustrate general con- 
siderations. 

The costs of radiation protection vary with the type of facility; 
the inherent hazard of the material handled; the nature of the work 
performed; and the specific design features incorporated in the facility. 
As a general rule, it is cheaper to design and build a plant to provide 
a given degree of safety initially than it is to build a laxer standards 
and then attempt to redesign to provide the required protection. 
As a corollary, when operating levels are expected to increase as 
experience with the plant is obtained, it is cheaper on an overall view 
to provide protection features, such as shielding and ventilation, on 
the basis of the higher operating levels, although this will increase 
initial capital costs. 
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The present trend in major plants is to design areas occupied rou- 
tinely during operation to standards such that individuals are not 
exposed significantly. Areas which are infrequnntly occupied are 
designed to permit higher radiation levels. As a result of these design 
standards the bulk of the exposure to personnel is received during 
operations required in the higher level areas rather than during routine 
tasks. 

As an example of the influence of design features, a brief study of 
the effects of changing the shielding in a major separations plant was 
carried out several years ago. (5) The primary purpose of this study 
was to determine the change in capital costs of the plant if the design 
radiation levels in the operating areas were increased. The basic 
design limits used for the plant were such that dose rates in controlled 
areas would not be greater than 1 mr/hour and, in areas freely acces- 
sible to the workers, the radiation levels should not exceed 0.1 mr/hour. 
The study concluded that if the design limits permitted tenfold 
greater radiation levels the savings would be about 0.4 percent of the 
total cost; if the design limits permitted one hundredfold greater levels 
the savings would be 0.8 percent of the total cost. 

A further brief study has been made of one effect of varying per- 
missible limits on operational costs for a group of reactors and con- 
sidering only the cumulative exposure limit for external radiation. (6) 
This study assumed that the work to be needed in the future required 
the same total radiation as is received by present forces. If no design 
changes were made, additional trained people would be needed so 
that no individual would exceed the assumed maximum permissible 
limit. This is an unrealistic basis since such a procedure would prob- 
ably not be followed. Instead, the areas in which the higher radiation 
levels were received would be redesigned for remote operation, even 
with considerable capital investment. This study dicated that a de- 
crease in the limits to one-fifth of the present values would about 
double the operating costs in the reactor plants; a decrease to one- 
tenth of the present limits would about triple the operating costs. 
An increase in the present limits would produce only a small decrease 
in the operating costs since there are no employees at these plants 
hired solely because of the need to control exposure to within the 
individual limits. 

As a general picture, we would expect the pattern of operating costs 
with various limits to vary about as indicated in figure I. This figure 
is intended to give a generalized picture without complete definition of 
the absolute scale in order to indicate the trends which could be 
expected. The curves are shown as a broad band rather than as a 
single line because of the uncertainty involved in estimating costs due 
to safety and the differing impact of a given limit on various plants. 
Within the band shown there is a large family of curves in which the 
breaking point occurs at various locations along the limit axis. The 
steepness of the rising portion of the curve at the lower limits is 
dependent upon the type of plant considered and the engineering 
problems involved in designing to carry out the work without exposure 
to the personnel. 

The dollar costs, in themselves, are not of real importance in these 
considerations except as they bear on the problem of progress in the 
overall field. For the peaceful uses of any process, the cost is an 
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important factor in deciding as to whether the process will be utilized 
and this will apply to atomic energy. 

It is in this area that the risk principle arises in considering radia- 
tion exposure limits. We would like to get the maximum benefits 
with the minimum harm. We must, therefore, obtain a balance 
between the two with equal consideration given to both in producing 
the balance. Our problem arises since we cannot accurately define 
either the benefits or the costs in terms of either injury or delaying of 
social progress. 

Figure II presents an imaginative sketch in which the trends in 
costs and in the possible pattern of injury are illustrated. The harm 
to people is represented by a broad band illustrating the uncertainty 
in our biological knowledge with a relatively sharp break upward at 
some level where acute effects become of importance. The uncertainty 
in the effects increases as the dose rate is lowered with the projection 
to zero dose a result of the possibility that any radiation is harmful. 
The other band represents the costs of providing increased protection 
as derived from figure I. In general, we are presently operating in 
the region where the cost curves begin to break sharply upward, 
although for specific instances we are above the breakpoint and for 
others are undoubtedly below. Since the exact shape of these curves 
is not fixed but can vary from one type of operation to the next and 
with the type of radiation involved or areas of the body exposed, the 
balance point and the decrease in possible harmful effects resulting 
from additional expenditures cannot be derived on a completely logical 
and scientific basis. It is in this area that human judgment on the 
various factors becomes of paramount importance. 

Ultimately, curves such as figure II are related to a broader area of 
social and economic factors. This is the difference in concept between 
applying the risk principle to an individual or to the population. In 
applying the risk principle to an individual, we are concerned pri- 
marily with damage to him or his relatively immediate descendants 
as opposed to the gains to the individual from taking the risk. In 
consideration of the risk principle as applied to the population as a 
whole, the gains to the Nation may be different than those to the 
individual and the harm to the Nation may be in an area other than 
harm to the individual. As an example, the overall population has 
gained greatly from the use of X-rays in the medical profession in 
spite of the known cases of damage to individuals. A criterion of 
absolute safety to individuals, if universally applied, could conceivably 
terminate all progress in many fields including those of transportation, 
medicine, etc. Although the criterion of absolute safety is one worthy 
of attainment, we cannot make total elimination of risk the sole cri- 
terion in setting the standards any more than we do in other fields. 
One immediate effect of doing so, for example, might be the elimina- 
tion of X-rays as a medical tool. We must also consider the gains 
and losses to the Nation as one set of criteria and the protection of the 
individual as a balance against the positive gains to him to be expected 
in the use of atomic energy as a second. 


REFERENCES 
1. Stokinger, H. E. Prepared Discussion on Methods of Establishing Threshold 


Limits, American Industrial Hygiene Assn. Quart. 17, 3, 284-286, September 
1956. 








136 RADIATION PROTECTION CRITERIA AND STANDARDS 


2. Maximum Permissible Radiation Exposures to Man, Addendum to National 
Bureau of Standards Handbook 59. 

3. National Committee on Radiation Protection, Maximum Permissible Body 
Burdens and Maximum Permissible Concentrations of Radionuclides in Air and 
in Water for Occupational Exposure, National Bureau of Standards Handbook 69, 
June 5, 1959. 

4. Parker, H. M. Hanford Radioactive Waste Management, Industrial Radio- 
active Waste Disposal, Hearings before the Special Subcommittee on Radiation 
of the Joint Committee on Atomic Energy, Congress of the United States, Jan- 
uary 28, 29 and 30; February 2 and 3, 1959. Vol. 1. pp. 202-235. 

5. Clukey, H. V. Private Communication. September 25, 1953. 

6. Keene, A. R. Private Communication. April, 1960. 


FIGURE I 


Relative Costs vs. Permissible Limit 


Relative Costs 





Permissible Limit ——o 


FIGURE I 


Costs and Injury vs. Limits 


Injury 


Relative Costs 





= OO 


Permissible Limits 








STATEMENT ON RADIATION PROTECTION CRITERIA 
AND STANDARDS 


(By Dr. Chauncey Starr, President, Atomics International Division, 
and Vice President, North American Aviation, Inc.) 


ABSTRACT 


The effects on nuclear power costs from changes in radiation pro- 
tection standards have been estimated. Both routine and abnormal 
operations have been considered. 

It is shown that, typically, tightening radiation standards by a 
factor of 10 might increase nuclear power costs by about 2 mills per 
kilowatt-hour. A corresponding relaxation by a factor of 10 in these 
standards might lower power costs by about 1.0 mills per kilowatt- 
hour. 

The major items which account for over 70 percent of this cost effect 
are the scheduled and nonscheduled maintenance costs, and the added 


plant capital costs associated with site requirements, exclusion areas, 
and containment buildings. 


I. Inrropuctrory CoMMENTS 


The primary objective of establishing standards and criteria in- 
volving ionizing radiation is the protection of the general public. 
Many of the considerations involved are not unique to the atomic 
energy industry. Similar problems have been met and solved in sev- 
eral industries where a potential public hazard exists. 

In achieving this public protection, we should strive to realize our 
objective with the minimum effect on cost and operational feasibility. 
It is all too easy to hamper an industry, whether it be involved with 
transportation, chemicals, food products, or nuclear fuels, through the 
careless application of unnecessarily restrictive and costly protection 
standards. 

Experience and commonsense have shown that it is not possible to 
obtain “absolute” safety in any industry. However, the sensible ap- 
plication of regulations based on sound scientific knowledge can limit 
the degree of risk to a satisfactory minimum while permitting the 
public to realize the benefits of new technology. 

The National Commission on Radiation Protection (NCRP) sum- 
marized its approach to the consideration of acceptable risk in setting 
maximum permissible exposures and levels in National Bureau of 
Standards Handbook 59. This account states that— 
because obtaining conclusive evidence of harmlessness is practically impossible 
without conducting long-term experiments, a tentative decision will have to be 
made beforehand. Reaching this conclusion on the basis of the conservative 
criterion mentioned above might well lead to the repeated lowering of permis- 


sible limits of exposure for reasons that may prove to be invalid much later. 
Accordingly, some relaxation of this rigid criterion appears desirable. 
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Accounts of this nature would lead one to believe that the element of 
“absolute” safety has already been incorporated into radiation stand- 
ards and that the standards are, in fact, very conservative. However, 
regulatory bodies do not necessarily have to follow the NCRP criterion 
aPe eT in fact, further lower the already conservative permissible 
evels. 

In the administration of established standards there appears to be 
a growing tendency for several jurisdictions to each issue its own 
regulations relating to ionizing radiation without regard to those 
already in existence. As a result, in some areas we see not only Fed- 
eral and State regulatory standards being established but county, city, 
water, and air pollution districts, and fish and game commissions, each 
preparing its overlapping and duplicating regulatory requirements. 
If this trend is not corrected, the administrative burdens, with their 
corollary effects necessary to satisfy these agencies, cannot help but 
be a strong deterrent to the growth of applied nuclear science in this 
country. Some centralization of similar regulations and recognition 
of protection offered by overlapping jurisdictions must be established. 
Because the objective of each of these jurisdictions is the protection 
of public health, this should not be difficult to obtain, once the problem 
et its effect on the industry is fully realized. 

In the selection of criteria and standards, it would be well to define 
technically terms normally applied. Consider “biological” stand- 
ard. This standard in radiation protection could well mean a level 
or exposure above which biological damage actually would occur. If 
this were so, then the onus would be upon each particular designer 
of a nuclear reactor to apply a “safety factor” to adequately ensure 
public protection. If, on the other hand, the biological standard al- 
ready includes a “safety factor,” it is important that reactor designers 
and regulatory agencies know to what degree this factor is included. 
If this is not done, we may find additional safety factors applied by re- 
actor designers and regulatory bodies as each performs iis function 
in implementing the standards. The result in practice may well be 
many magnitudes more restrictive than that required by the biologist. 
The effect of this will be to raise the cost of nuclear power without 
valuably adding to public safety. 

Two separate and distinct categories of nuclear powerplant opera- 
tions must be considered. The first pertains to radiation exposures 
experienced in routine operation of nuclear powerplants and their 
maintenance. The second category pertains to unusual or abnormal 
operations, which have been called “nuclear accidents.” The limits 
established for each category will be different and consequently the 
regulatory standards for public protection will also be different. 

The following paragraphs contain a discussion of the cost of various 
plant items affected by radiation standards. For purposes of ex- 
ample, the effect of changing the maximum permissible radiation levels 
by a factor of 10 is examined. The percentage cost effect on each of 
the plant items is then discussed. This factor of 10 could come about 
in many ways, ranging from new scientific data to the unnecessary pil- 
ing up of safety factors mentioned earlier. 
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II. Routtng Operations 


First, let us examine the costs of nuclear plant items affected by the 
criteria and standards established for routine, operational exposures. 
The total plant cost is here taken as that for a complete central station, 
including the nuclear reactor, steam generator, turbine and generator, 
all service auxiliaries, and site. The operating costs are also those for 
a complete central station. 


A. CAPITAL COSTS 
1. Shielding 

Biological shielding must be used around the reactor, the primary 
coolant system, and other components which may contain radioactive 
materials. The primary shielding surrounding the reactor must at- 
tenuate radiation by a factor of about 10°. A change by a factor of 10 
in the maximum permissible radiation level would Senne the required 
shield thickness by about one-ninth or 10 percent. 

In the design of most practical shields there must be openings for 
pipes, instrumentation cables, or removable shield plugs. Many such 
openings in the shield present a potential high radiation source because 
of streaming of radiation through the gaps. A change in the radia- 
tion tolerance levels would affect the design in relation to the preven- 
tion of radiation streaming through openings in the shield. 

Many reactor designs require secondary shielding around the main 
coolant pipes and other apparatus. This shielding is much thinner, 
and increasing the thickness to provide an additional factor of 10 at- 
tenuation could increase the cost by 30 to 50 percent as well as increase 
the design problems. 

The increased shielding discussed above would raise the total plant 
capital cost by about 0.5 percent. A reduction by 10 in the present 
requirement would result in a corresponding saving. 


2. Control of airborne contamination 


The measurement of low levels of airborne contamination is a dif- 
ficult instrumentation problem, and relatively expensive equipment 
is required. Equipment to control airborne contamination, such as 
stacks, blowers, and gas holdup vessels can also be relatively expensive. 

A change by a factor of 10 in the maximum permissible airborne 
contamination level would have a large effect on the equipment for 
air dilution. The quantity of air required for dilution would change 
by a factor of approximately 10, and this could mean a large change 
in the size of the lowers or other ventilation equipment. The effect 
on the cost of gas holdup containers could be important depending 
on the nature of the gaseous contamination. 

In a typical reactor design, the cost of such equipment now amounts 
to about 0.6 percent of the total plant capital cost. Changes by 10 
in tolerance would qomnaaonaaale alter this cost about 50 percent. 


3. Waste disposal 


By waste disposal is meant the onsite processing of solid and liquid 
radioactive wastes, the temporary storage of these materials on site, 
and the containment and disposal of the materials at a suitable per- 
manent site. The cost of onsite handling will depend on the maxi- 
mum permissible radiation level. These levels will determine quan- 
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tities of shielding required, the nature of some of the equipment used, 
and the amount of direct handling versus remote handling which can 
be performed. 

n a typical large reactor plant design, the capital costs associated 
with waste disposal amount to 0.6 percent of the total plant cost. 
Change of the permissible exposure levels by a factor of 10 could 
correspondingly alter these costs by about 30 percent. 


B. HEALTH PHYSICS OPERATING COSTS 
1. Services 

In the recent large reactor studies made for the AEC, the personnel 
required for the health physics program were about 10 percent of the 
total operating personnel. The resulting health physics cost was 
about 0.03 mill per kilowatt-hour. 

It is estimated that operating costs added by the film badge services, 
physical examinations, special laundry services for contaminated gar- 
ments, waste disposal, and environmental monitoring services would 
total about another 0.03 mill per kilowatt-hour for a large reactor 
station. The total cost for labor, materials, and services would then 
be about 0.06 mill per kilowatt-hour. An increase of approximately 
100 percent in this cost would result from a tightening in the stand- 
ards by a factor of 10, and a decrease of about 30 percent would re- 
sult from a loosening of the standards by a factor of 10. 


2. Instrumentation 


There are further operational costs when new standards are intro- 
duced which fix levels of radioactivity at low levels beneath the sensi- 
tivity of radiation detection equipment already incorporated. In 
consideration of the formula for accumulative lifetime exposures 
(N-18), this averages 100 millirem in a week. By comparison, the 
natural background exposure has been estimated at 0.6 millirem per 
day or 4.2 millirem per week. It becomes obvious that a factor of 10 
reduction in the permissible level would be measurable. However, a 
factor of 100 reduction would approximate background. 

It is estimated that instrument costs associated with a factor of 10 
decrease in exposure limit would result in a power cost increase of 
0.01 mill per kilowatt-hour. An increase by 10 in the exposure limit 
would have about 0.005 mill per kilowatt-hour. 


3. Administrative expense 


A major area of operational costs resulting from radiation protec- 
tion standards is the “mushrooming” cost of administrative pro- 
cedures. This is further complicated by the increasing number of 
regulatory agencies at all levels. Each agency has its specific report- 
ing and registration record requirements as well as individual forms to 
implement each regulation. In one geographic area some nine regu- 
latory bodies have radiation regulations either in effect or proposed. 
These include: (1) AEC—contractor, (2) AEC—licensing branch, 
(3) State department of public health (two different regulations), 
(4) State fish and game commission, (5) State water pollution control, 
(6) county health department, (7) city health department, (8) air 
pollution control, and (9) county sanitation district. One pro 
regulation required a staff estimated at 3 per 1,000 employees, solely 
to meet the administrative needs of such regulations. 
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A regulation has been proposed which requires the employer to 
submit to each radiation worker written yearly notification of personal 
radiation exposure. The employee then would carry this information 
on a card which he personally retains. The administrative complica- 
tions that this procedure might involve are considerable when one con- 
siders a person may work for three employers in the course of a year, 
receive less than the permissible dose from a single employer, but due 
to a subsequent reduction in the permissible lifetime radiation dose, 
exceed the accumulative level permitted. 

In addition to the administrative manpower, many new costs are 
seen in the multiplicity of radiation protection lations. In one 
county regulation for air pollution, each individual item which could 
introduce pollutants, radioactive or otherwise, to the atmosphere re- 
quires a minimum license fee of $20 per item. Fora major tatitithtccy 
with numerous vacuum pumps, fume hoods, furnaces and similar 
equipment, this represents a significant cost. What is more important 
is that this requirement prevails irrespective of the degree of engineer- 
ing and operational safeguards already incorporated to protect the 
public health. 

Under present regulations, these administrative expenses represent 
about 20 percent of the health physics operating costs. If some of the 
more restrictive regulations are implemented, this cost might double. 


C. MAINTENANCE 


1. Scheduled maintenance 


Scheduling maintenance can be considered as routine maintenance. 
It includes such functions as lubrication and periodic overhaul of 
components to prevent or reduce the possibility of an unexpected 
failure. Maintenance work of this type is performed in conventional 
power stations on a routine basis. In a nuclear plant, the scheduled 
maintenance can be divided into maintenance on those portions of 
the plant where there is no radiation hazard and maintenance on those 
portions of the plant where special precautions are required because 
of the radiation hazard. 

(a) Areas with no radiation hazard.—If the maximum permissible 
radiation levels are reduced by a factor of 10, added costs will arise 
both from the added difficulty in measuring lower levels and from an 
increased number of areas where careful monitoring will be required. 
An estimated 0.02-mill per kilowatt-hour increase in the average cost 
of power will result from the additional routine maintenance prob- 
lems. Alternatively, a corresponding reduction would result from a 
loosening by a factor of 10. 

(6) Radioactive areas of the plant.——Scheduled maintenance will 
be required on areas of the plant which become radioactive. Main- 
tenance on equipment can be divided into three categories: direct 
maintenance, semiremote maintenance, and remote maintenance. Di- 
rect maintenance can be performed in areas where the radiation or 
contamination levels are very low so that work can be performed 
in the normal manner and conventional handtools can be used. Semi- 
remote maintenance is maintenance which can be performed with a 
minimum of shielding such as a plastic bag to prevent the spread of 
contamination. Remote maintenance is maintenance which requires 
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relatively thick shields to protect against radiation hazards. In this 
latter case, remote handling equipment or very long-handled tools 
are required. The steps from direct to semiremote maintenance and 
from semiremote to remote maintenance each involve a significant 
increase in both the capital cost of equipment and in the labor cost. 
Labor cost is high for remote maintenance because more man-hours are 
needed for a given operation and because more highly trained per- 
sonnel are required. 

Analysis of a plant with extensive remote maintenance indicates 
that the maintenance cost is of the order of 1 to 2 mills per kilowatt- 
hour without considering the cost of the additional downtime re- 
quired. A conventional plant with direct maintenance would have a 
corresponding maintenance cost of about 0.2 mill per kilowatt-hour. 

If the maximum permissible tolerance levels are reduced by a factor 
of 10, then a larger fraction of the maintenance work on a given plant 
would be done remotely or semiremotely. The additional cost will 
depend on the specific reactor plant, but in a typical case, may be 
about 0.5 mill per kilowatt-hour or about a 6 percent increase in the 
total cost of power from the nuclear plant. 

If the sbieiien levels are relaxed by a factor of 10, one might 
expect that they would reduce routine maintenance by about 0.2 mills 
per kilowatt-hour. 


2. Nonscheduled maintenance 

Unforeseen events may occur during the operation of nuclear- 
electric plants. If the maintenance following such an unforeseen 
malfunction involves radiation exposure, increasing the radiation ex- 
posure restrictions can greatly increase the cost of repairing such a 
malfunction. 

An illustrative example might involve a fuel element which cannot 
be withdrawn from the reactor during a fuel reloading procedure. 
Although the grappling, hoisting, and latching devices are specifically 
designed to prevent such disorders, there remains a finite probability 
of malfunction. As a result, the reactor might have to be allowed to 
“cool,” emptied of other fuel elements and coolant, and some special 
devices jury rigged to dislodge the stuck element. Some equipment 
may have to be raantactitred : temporary shielding, special viewing 
devices, grappling tools, etc. The reactor must then be repaired, re- 
loaded, and Teought to operation with appropriate testing procedures. 

In operations similar to this example, a factor of 10 downward re- 
vision in the permissible exposures could greatly increase the “down- 
time” and thus seriously lower the plant availability. This could be 
partially avoided by increasing expenditures for manpower, shielding, 
and safety equipment. 

The increase in operational costs for the estimated frequency and 
severity of such events in a 300 Mwe plant has been examined for a 
factor of ten lower permissible exposure standard: special equipment 
and shielding, 0.4 to 0.6 percent; manpower, 1 to 2 percent; plant 
availability, 3 percent. is would increase power costs in an 8 mi 
per kilowatt-hour plant by about 0.4 mill per kilowatt-hour. A 
loosening in restrictions by a factor of 10 might decrease such costs 
by about 0.2 mill per kilowatt-hour. 
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D. AVAILABILITY 


The availability of a nuclear power station directly affects the re- 
sultant cost of power, and is therefore a most critical item in consider- 
ing the influence of radiation restrictions. Availability can be bal- 
anced against capital costs for protective circuitry and equipment to 
minimize maintenance time and manpower. 

It is not easy to assess the impact of availability on the cost of 
nuclear energy because of the interrelationships with other effects on 
costs. For example, lower availability could occur if maintenance 
work must be preceded by a coolant radioactivity decay period. Al- 
ternatively, increased shielding at higher costs could be used in those 
areas or remote maintenance equipment on standby status might have 
been fabricated to meet the needs. Finally, using increased man- 
power to attack the maintenance problem, each individual getting 
lower exposure but requiring more individuals, might also be a solu- 
tion to preclude shutting down the plant for a longer period to permit 
additional decay to the lower radiation levels. Striking a reasonable 
balance in an attempt to optimize or minimize costs is not possible 
without reference to a specific design and a particular problem relat- 
ing to that design. Making an educated guess and assuming all 
facets of cost have been selected to minimize the overall costs, an 
average reduction in availability of about 5 percent (approximately 
0.2 mill per kilowatt-hour) might be expected for a lowering of the 
radiation protection standards by a factor of 10. Loosening restric- 
tions by a factor of 10 might increase availability by 2 percent (ap- 
proximately 0.1 mill per kilowatt-hour). 


E. FUEL CYCLE COSTS 

A change in the permissible radiation exposure criteria will have 
an effect on fuel cycle costs because of changes in the equipment and 
operating costs during fuel fabrication, reprocessing, handling and 
transportation. Neglecting use and depletion charges (which are 
assumed to be unaffected by exposure standard changes), these costs 
may represent about 9 percent of the total power generation costs. 

For low-enrichment fuels, preparation and fabrication costs could 
not be greatly reduced by relaxation of exposure standards because 
chemical toxicity plays a role. However, more stringent standards 
could increase these costs even for low-enrichment material. 

Fuel reprocessing and the handling and transportation after ex- 
posure are quite sensitive to either relaxing or tightening the exposure 
standards. For a plant producing 8 mills per kilowatt-hour power, 
reduction of the exposure standards by a factor of 10 could add an- 
amount to about 1.6 mills per kilowatt-hour. If the standards are 
loosened by a factor of 10, power costs might be reduced by 0.6 mill 
per kilowatt-hour. 

F. SUMMARY 


It is possible to give an approximate summarization to the effects 
of changing the basic radiological exposure standards associated with 
normal operations. If the basic standards are tightened by a factor 
of 10, the overall power cost increase in a large plant (on the order 
of 300 Mwe) would be about 1.4 mills per kilowatt-hour or a 16-per- 
cent increase. However, in a small plant, such as 75 Mwe, this could 
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amount to about 1.5 mills per kilowatt-hour. If the standards are 
loosened by a factor of 10, power costs might be reduced by 0.9 mill 
per kilowatt-hour. 

ITT. ApnormMat Operations 


A. GENERAL CRITERIA 


Before discussing specific cost effects associated with abnormal 
operations or nuclear accidents, it is important to examine the general 
criteria for assessing this type of anand: 

The situation for abnormal operations is considerably more com- 
plex than that for routine nuclear plant operation. There are four 
areas of uncertainty to be resolved in the case of abnormal operation : 
(1) what are the possible accidents, (2) how much radioactivity will 
be released, (3) what are the dispersion conditions, and (4) what is 
an acceptable or permissible emergency exposure to the general public. 

It is useful in this connection to refer to the criteria that are applied 
to a proposed site-reactor combination in arriving at a decision for the 
issuance of an operating license by the Division of Licensing and 
Regulation... This report states that— 

* * * from possible accidents, the radioactivity that might be released even 
from the worst accident whose occurrence is considered credible and under the 
most pessimistic dispersion conditions must not result in doses beyond the site 
boundary in excess of permissible (once in a lifetime) emergency doses. 

This criterion was the basis for a decision by the Division of Licensing 
and Regulation that under abnormal conditions there is reasonable 
assurance that the facility can be constructed and operated at the pro- 
ro location without undue risks to the health and safety of the 

ublic. 

é It is obvious for a particular reactor in a particular location that the 
two requirements relating to radioactivity release and dispersion 
conditions can be taken from the realm of speculation and are capable 
of evaluation on a sound technical basis. The most pessimistic dis- 
persion conditions arise from an evaluation of the ecological infor- 
mation available from long-term measurements made at or near the 
reactor site. The extent of radioactive release can be determined from 
the fission product inventory of the particular reactor, from previous 
operating history, or experimental evidence of radioactivity release 
mechanisms that can arise by analyzing the consequences of certain 
hypothetical reactor accidents. 

There then remains to be determined: (1) the maximum permissible 
exposure to the general public for the worst credible accident, and 
(2) the number of independent, low probability failures which form 
the basis for the definition of credible. 

The maximum permissible emergency exposures have not been offi- 
cially established. It has been tacitly assumed by many authors of 
hazards reports that 25 roentgens whole body radiation may re 
sent a suitable limit for this quantity. In general, the worst credible 
accident that results in exposures to the general public below this 
amount has been generally considered acceptable. In another related 
area, however, there is not sufficient information to serve as guidance 
for reactor designers and hazard evaluators, and that is the question 

1 “Reactor Safety, Hazards Evaluation and Inspection,” by C. K. Beck, M. M. Mann, and 


P. A. Morris, Second United Nations International Conference on the Peaceful Uses of 
Atomic Energy, vol. 11,. p. 17. 
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of the maximum integrated exposure to the general public, including 
the amount of exposure and the number of people exposed. To sum- 
marize in different terms, quantitative standards are required as guide- 
lines for hazards evaluation in the areas of both somatic and genetic 
effects of radiation exposure. 

If these latter concepts or standards can be developed, it would then 
be possible, instead of having to assume an arbitrary, probably un- 
realistic, radioactivity release under the worst possible dispersion con- 
ditions, to say that if we release less than W curies, no member of the 
general public would receive more than X roentgens and the accumu- 
lative contribution of this accident would be no more than Z man- 
roentgens. The method which has been proposed by Gomberg? in 
which the number of persons affected is calculated by an averaging 
process utilizing all factors of weather and wind direction as well as 
population distribution is a positive step in the right direction. 

The foregoing discussion indicates that a number of the important 
factors required for the evaluation of the risk of locating a particu- 
lar reactor in a particular environment are amenable to resolution in 
the light of present knowledge and trends. In contrast with other in- 
dustries where safety standards were set after considerable accident 
experience has been accumulated, the nuclear power industry with no 
background of experience to draw on acted ultraconservatively by 
setting very high standards with large safety factors. Now with over 
17 years of nuclear reactor operating experience we can and should use 
this information to simplify reactor operating protective systems, re- 
move unnecessary operating restrictions and permit less conservative 
design without compromising the welfare of the general public. The 
operating spe and results from the current AEC reactor safety 
program will enable the more accurate assessment of the risks and con- 
sequences of nuclear accidents. 

Precedent should not be the basis to return by regulation or legis- 
lation to the conservatism of hazards evaluations in which the worst 
possible conditions were the basis for assessment of risk. On the 
other hand, we must avoid the concept in which all of the information 
available is not used, but instead only the most probable conditions of 
wind or ground seepage are utilized. Such a procedure does not have 
a sound statistical base and may in fact result in an overoptimistic 
assessment of the consequences. A middle ground, employing some 
method similar to the previously mentioned averaging procedure pro- 
posed by Gomberg, seems to be a reasonable approach based on the 
present state of knowledge. 

Two important areas remain relatively unexplored in the search for 
a balance among benefits, risks and costs of atomic energy: (1) what 
level of abnormality should be considered, and (2) what is the prob- 
ability or likelihood that any particular accident will occur. 

Information on levels of abnormality that should be considered, 
more popularly and euphemistically called “credible” accidents, 1s 
slowly developing from reactor operating experience (i.e., accidents 
that have occurred) and deliberations and opinions of the ACRS and 
other groups within the AEC (including incidents to be evaluated 

?“Report on the Possible Effects on the Surrounding Population of an Assumed Release 
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independent of likelihood). More precisely, definition of the terms 
used so frequently in this area is needed. Some of these terms are: 
acceptable risk, undue risk, acceptable hazard, undue hazard, credible, 
maximum credible, worst credible, reasonable assurance, adequate 
safeguards, maximum conceivable, ete. 

We now come to the evaluation of the cost effect on nuclear plant 
items associated with these abnormal conditions. 


B. CAPITAL COSTS 
1. Site selection 


The problem of site selection for a nuclear power station which 
is to be integrated into a public utilities system can be very complex. 
Utilities plan their load growth for many years in advance and may 
purchase suitable sites for a power station 20 years before these sites 
are needed. Present sites which have been selected for conventional 
steamplants may not be suitable for use with nuclear reactor plants. 

Purchase of a suitable new site may be difficult, and in some cases 
impractical, as there are few sites remaining which meet the required 
specifications of being close to the load center, relatively far from 
population centers, close to an adequate source of cooling water, and 
sufficiently large for a nuclear power station. 

A problem which arises in the selection of a powerplant site is the 
distance required between the reactor plant and a navigable river 
or other body of water which may be used as a source of cooling water. 
If the exclusion area is to include only controlled land area, then rela- 
tively long channels must be constructed to distribute the cooling water 
to the plant. Such channels will add to the capital expense of the 
plant. An alternate system using a cooling tower will add about 1 
percent to the cost of a large nuclear station. Another cost factor in 
the selection of a plant site is the length of transmission line required 
for distributions of the power generated. It is desired to locate the 
plant strategically so that alternate transmission lines can be used 
to distribute power. : 

Consideration of potential reactor hazards may increase the cost of 
a suitable site from less than 1 percent to several percent of the cost of a 
large reactor plant. Additional site development costs for longer 
water channels, longer roads and fences, and other extras could also 
increase these costs from the order of 1 percent to several percent of 
the plant cost. 


2. Exclusion area 


Requirements for large exclusion areas can add a significant capital 
cost to a reactor plant. In general, the cost of land for a conventional 
plant is less than 1 percent of the total capital cost, but if the land 
requirements were increased by a large factor, then this land cost 
could be important. Land adjacent to existing powerplant sites tends 
to be relatively expensive, and thus expansion of present sites may not 
be economical. The exclusion area is proportional to the square of 
the required exclusion distance. Therefore, changes in requirements 
for exclusion distance or distance to the nearest site boundary can 
have a large effect on the site area required. The difficulty of obtain- 
ing a suitable site will also increase as the required area is increased. 
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3. Containment shell 


The requirements for a containment vessel around the nuclear equip- 
ment adds not only the cost for the vessel itself but also introduces 
added costs because of its effect on plant layout and on the require- 
ment for remote instrumentation and remotely operated apparatus. 
For a plant of 300 electrical megawatt output, this is about 1 percent 
of the capital cost for a bypleal lant. For a small plant, such as 
might be used as a municipal electrical power station, this could 
amount to 1 percent to 1.5 percent. Some reactor designs have con- 
tainment shells estimated to be 5 percent to 15 percent of the total 
capital cost. 


4. General design 


Besides the costs of specific items such as the reactor site, exclu- 
sion area, and containment shell, the expenditures to guard against 
potential radiation exposures must include the costs of meeting strin- 
gent safety specifications for piping, valves, and vessels. ‘The em- 
pane on safety in design often involves the insertion of expensive 

eatures such as an intermediate heat exchanger. In protective and 
alarm instrumentation systems, the current practice is to provide a 
great amount of redundancy, perhaps actually tripling some instru- 
ments. 

Although it is difficult to make an accurate estimate, such design 
features may add up to about 1.6 percent to the capital cost of a large 
plant, and perhaps as much as 2 percent for a small plant. 


§. Total capital cost effect 


The foregoing factors contribute a total of 6 to 20 percent of the 
capital cost of a nuclear powerplant. It is estimated that a tightenin 
of standards by a factor of 10 would cause an increase in the cost o 
power of 0.5 mill per kilowatt-hour due to these factors, and a loosen- 


ing by a factor of 10 would reduce costs about 0.25 mill per kilowatt- 
hour. 


C. OPERATIONS AND MAINTENANCE 


Design features in a nuclear plant which are intended for the pro- 
tection of the public in the event of unexpected behavior of the sys- 
tem will increase the cost of operation and routine maintenance. For 
example, a containment shell around a portion of the plant will make 
access more difficult. Also, compromises must sometimes be made in 
the location of components in a containment shell and the optimum 
arrangement for ease of this routine maintenance may not be obtained. 
_ If an actual release of radioactive gases to the containment vessel 
interior were to occur, even though the amount involved could be 
harmlesly released through filters by a conventional ventilation sys- 
tem, the vessel must be sealed, camapine taken, etc. before maintenance 
operations could be initiated to halt the leak. Once started, the main- 
tenance work is further restricted by the lower accessibility of the 
system. 

Clearly, circumstances of maintenance following unforeseen mal- 
functions can arise which are very sensitive to accessibility. Again, 
using an estimated schedule of frequency and severity of such mal- 
functions, a factor of 10 change in permissible exposures results in a 
corresponding change in power generation costs for all maintenance 
problems related to access of about 0.1 mill per kilowatt-hour. 
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D. AVAILABILITY AS APPLIED TO ABNORMAL SITUATIONS 


How much is plant availability reduced by a situation which may 
be or has had an effect on the general public? Availability has alread 
been discussed with respect to normal and offnormal operations af- 
fecting only the plant. The same consequences are expected to pre- 
vail under abnormal operation. No additional reduction in availa- 
bility is expected to result from efforts to minimize exposure to the 
general public except in an area of accessibility of nuclear components 
in highly shielded and hermetically sealed facilities. Since we are 
talking about abnormal situations, the plant has already been shut 
down. It is presumed in an adequately designed plant that abnormal 
situations would not cause downtime, specifically because of its ef- 
fect on the general public. Decreased accessibility to prevent or 
minimize the release of radioactivity to the gener; parte may in- 
crease downtime by 2 percent (approximately 0.08 mill per kilowatt- 
hour). This percentile is applied to the downtime resulting from 
normal operations. 

E. SUMMARY 


The approximate summarization of power cost changes associated 
with providing public protection from potential hazards, if basic 
standards are tightened by a factor of 10, total about 8 percent, or 
0.7 mill per kilowatt-hour. Relaxation of the standards by a factor 
of 10 might reduce power costs by 0.4 mill per killowatt-hour. 


IV. Conciusion 


The following table summarizes the estimated effect of changing 
radiation standards on the cost of nuclear power. The contributions 
of the various items listed are generally typical. Their absolute value 
will depend on the particular reactor design and site under discussion. 

The table indicates that typically the cost of nuclear power might 
increase by about 2 mills per kilowatt-hour as a result of tightening 
radiation standards a factor of 10. A relaxation in these standards by 
f factor of 10 might lower power costs by about 1.0 mill per kilowatt- 

our. 

The major contributing items to these power cost effects are those 
associated with (1) maintenance operations, and (2) plant capital 
cost items associated with protection against potentially hazardous, 
abnormal operations. These two items alone account for 70 percent 
of the possible power cost increase. 

It is of interest that nuclear powerplants being proposed to the 
utility industry today have estimated power costs several mills higher 
than power derived from fossil fuels. It is therefore evident that 
careful consideration should be given to the establishment of the 
radiation standards necessary for public protection because of their 
significant cost implications. 
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Summary table of estimated effect of radiation standards on typical nuclear 
powerplant costs 





{In mills per kilowatt-hour] 

Power cost | Power cost 
increase due |reduction due 
to tightening | to relaxation 
standards by | of standards 

factor of 10 |by factor of 10 

Routine operations: 
Plant capital items: 
GS ca eels eth CU oh eld sidbeaas bencidpeiahebendae 0.02 0. 02 
Control airborne contamination... ...............-...--..-.-.-....--- .O1 -01 
See nee ee eect idad . 008 . 008 
Health physics operations: 
DD ME NUNNED |. 6 2c ciiianannge tlie diddesebantahitbimnsbintiniedieedes . 06 - 02 
Sh sii li enctcchnobasnbecentbbishosnaes -01 - 005 
REIT CHING J) cccistecbe vi cecinthciinay bitte dacicimabatbialyiiapen tinted, . 02 -O1 
Maintenance: 
Nap tsa ech abcd cass cise aan coche cieaiindanthen te Sohiapeoaietighcemnatiinapad maladie teeta . 62 - 22 
eI innistedhs dashed velnntebniantbina aban eae - 40 - 20 
DEORE ak cues bk cutie db dbbh vctigndasebinthdablabsctbbitioeteanesas .20 -10 
NE Cis credeiicgnt bd dd blended ive tpadapbenicbdeiiittasiames dunia . 16 . 06 
I ee GI oii Sik cance catnnkanase nse swapamndimnetaencaded 1+1. 408 2—, 653 
Abnormal operations: 
Capital cost items including: Site selection, exclusion area, containment 
shell and general design __.............-.....--... ss adillpeia ch clieghipamalactaiag leet) 5 - 25 
gg RRR LESS Re EL a ED 1 oh 
Ah WUT 5 aah aE aid db nih obi edo 0 bbbsddeenbbbindodd shod 08 .08 
Totell Clmermill Onperataens ok os sj nh cde csi lene ents le 3+. 68 ‘—. 43 
Total effect on power costs-_-............--.. wii diated Eee 5+2. 088 6—1.08 


1 Approximately +1.4 mills per kilowatt-hour. 
2 Approximately —.6 mill per kilowatt-hour. 

+ Approximately +.7 mill per kilowatt-hour. 

4 Approximately —.4 mill per kilowatt-hour. 

§ Approximately +2.0 mills per kilowatt-hour. 
* Approximately —1.0 mill per kilowatt-hour. 








STATEMENT BY J. F. FAIRMAN, SENIOR VICE PRESIDENT, 
CONSOLIDATED EDISON CO. OF NEW YORK, INC. 


This is in response to your letter of March 28, 1960, in which you 
invited me to help in preparing material for the hearings on the sub- 
ject “Radiation Protection Criteria and Standards: Their Basis and 

Jse’”’ to be held next month by your special subcommittee. In par- 
ticular, you suggested that I discuss “the implications of radiation 
protection Sao 4 on those developing the uses of atomic energy” as a 
part of outline topic III-B. 

While I have the feeling that the views I submit here are not unique, 
I wish to be understood as speaking only for myself and my associates 
in Con Edison. 

Our basic approach to the problem of radiation protection was 
succinctly expressed by our late chairman, Mr. H. R. Searing, in his 
statement presented at the Joint Committee’s advisory seminar on 
insurance requirements for nuclear powerplants held in Washington 
on March 15 and 16, 1956, when he said: 


My own thinking has been that if a nuclear powerplant is to be operated at all 
in a settled community it should only be with complete confidence that it is not 
a hazard to the residents of the area. To me the question at issue is not so much 
whether the company that is operating the plant is subjecting its investors to an 
unwarranted risk of jeopardizing their investment, but rather whether it is sub- 
jecting thousands of people in the vicinity of the plant to a serious hazard to life 
and health. If I thought that the plant that my company plans to build in 
Westchester County constituted any such risk I would never have proposed to 
build it in the first place, and if anything develops in the course of experimental 
work or plant design and construction that makes me think that it is unsafe to 
= the plant I would not operate it until I felt confident that it was safe to 

O so. 


This was no new philosophy. From the early days of this company, 
the safety of our employees on the job and of the public as affected by 
our operations has been a matter of primary concern to management. 
We have developed and are constantly improving practical accident 
prevention and control programs to meet ever changing technological 
advances and operating practices. 

Accident prevention, unlike many other fields of endeavor, does 
not have a positive and negative measure of effectiveness. It is a 
certainty, however, that the most important benefits of a safety pro- 
gram are the preservation of life and the prevention of human suffering. 
Monetary factors are no longer the controlling motivating considera- 
tion in accident prevention as they were following the industrial rev- 
olution. While monetary considerations are important in any profit- 
making enterprise, human values and safety of life are the primary 
considerations. 

We believe accident prevention is a major task of management, aD 
economic and social duty. 

In undertaking the development of atomic energy for use in a nuclear 
powerplant we have approached the situation with the traditional 
premise that this development can be made safely otherwise it should 
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not be done. In other words we accept our responsibility to provide 
a safe place to work for our employees and in so doing meet our social 
obligations to the general public as well. 

Protection against exposure to excessive radiation is a must from 
the standpoint of creating safe working conditions for employees and 
safe living conditions for the surrounding public, but the big question 
is—what is excessive radiation? 

At the outset of the development of nuclear power by private in- 
dustry, it was apparent that there would be a concurrent development 
of radiation protection policy by regulatory agencies. As a conse- 
quence we approached this matter with extreme caution and have 
been ultraconservative in meeting the requirements. For instance, 
we found at our Indian Point plant that when our shielding was de- 
signed to give an ample degree of protection for our employees, this 
same shielding gave greater protection to the surrounding public than 
required by current regulations merely because of the distance from the 
nuclear plant to the boundary of the site, 

While we believe that the establishment of standards for protection 
against radiation is highly desirable and can be eventually created, it 
is evident that considerable experience and research in the biological 
effects of minute doses of radiation will be required before final stand- 
ards for protection against its effects can be formulated with a great 
degree of confidence. 

If the economic burden of complying with these standards proves 
onerous, development of atomic energy will be retarded or even 
brought to a halt if other more economical means exist for supplying 
the needs which could have been met by atomic energy. The develop- 
ment of nuclear power is still in its infancy despite the great effort 
taking place today in industry and Government. The future of the 
development is dependent upon our ability to solve economically both 
the technological and safety problems. 








STATEMENT OF CHARLES H. WEAVER, VICE PRESI- 
DENT, WESTINGHOUSE ELECTRIC CORP. 


In response to your request of March 28, 1960, I am pleased to sub- 
mit the following brief statement on the implications of radiation 
protection policy for those developing the uses of atomic energy, rela- 
tive to the forthcoming hearings on “Radiation Protection Criteria 
and Standards: Their Basis and Use.” 

The Westinghouse Electric Corp. has actively pursued the develop- 
ment of atomic power for propulsion of vessels and for the generation 
of electricity for more than 11 years. Our experience with han- 
dling radioactivity goes back even further, including manufacture 
and testing of X-ray tubes for 30 years, use of radium, manufacture 
of metallic uranium used in the Stage Field reactor, and operation 
of a Van de Graaff generator since 1937. It is our belief that the 
control standards and procedures develo over a period of years, 
have been consistent with the nature of the hazards encountered, and 
that these standards and procedures were necessary for and indeed 
instrumental in developing the useful applications of atomic energy. 
The atomic power industry has established an outstanding safety rec- 
ord in a new field which has a variety of serious radiation problems 
in addition to the normal hazards of industrial operations, testifying 
to the effectiveness of present means of control. This indicates that 
current standards are at least adequate. Nevertheless, the indus- 
try must recognize that the very developmental nature of atomic 
energy requires continuing study of the criteria and standards to as- 
sure that they remain both effective and practical. 

We are now approaching a period in which atomic power will be- 
come economically competitive with conventional fuels for the gen- 
eration of electricity in certain parts of the country. The influence 
of the radiation criteria and standards on this evolution of economic 
atomic power plants is reflected as a significant cost factor in the con- 
struction, operation and maintenance, and fuel for an atomic power- 
plant. Protection against radiation also requires costly research, de- 
velopment and design work preceding construction. Of course, there 
are many areas of potential eat reductions which are independent, 
or nearly so, of radiation protection and these are being vigorously 
pursued by industry. 

With respect to those factors which are related to the control of 
radiaiton hazards, our atomic power department has made an analysis 
and estimate, which has been reported to the Atomic Energy Com- 
mission, of the effect of the stringency of radiation protection stand- 
ards on the cost of power produced by a typical medium-sized atomic 
powerplant. I vill: mention only the significant findings. In com- 
paring the economic impact of radiation protection standards which 
are assumed to be 10 times less stringent and 10 times more stringent 
than is presently the case, it was found that power costs would be 
only slightly reduced under the less stringent standards, but that they 
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would be significantly increased if the standards were made more 
stringent. The magnitudes of these changes are difficult to assess in 
general terms since they are’ affected by many conditions which are 
associated with each particular plant. These include site location, 
shielding, waste disposal systems, refueling systems, and other items 
of a less direct nature. To point up the significance of radiation pro- 
tection criteria, however, a 5-percent decrease and a 50-percent in- 
crease in power cost represent the orders of magnitude associated 
with changing the present criteria by a factor of 10 in each direction. 
Industry Totkabily would take advantage of nominal cost reductions 
if the standards could be made less stringent. But it is more impor- 
tant to note that more stringent standards could create significant 
economic problems. 

Since our analysis used current criteria as a basis for comparison, 
I would like to make some further comment on these standards. For 
many years prior to the birth of this industry, the National Committee 
on Radiation Protection (NCRP) had been studying the effects of 
radiation on workers. It had established basic permissible exposure 
levels for persons working with X-rays, gamma rays, and natural 
radioactive materials. The Committee has continually refined the 
exposure limits based on the large amount of research work which 
has been done in recent years and on the increasing numbers of people 
involved in the industry. Its most recent publications present the 
best known criteria for controlling industrial exposures to radiation 
and radioactive materials. Adherence to the maximum permissible 
exposure criteria established by this Committee has generally pre- 
cluded any observable harmful effect on workers in the atomic power 
industry. Even though a unique hazard exists, the atomic industry 
has established an outstanding record both for preventing accidents 
and for controlling exposures to radiation or radioactive materials in 
its development, manufacturing, and utilization facilities. From 
firsthand experience with personnel working within the NCRP limits 
at the Bettis plant, which Westinghouse operates for the Atomic En- 
ergy Commission and which is devoted to research, development, and 
manufacture of reactors, periodic physical examinations of the work- 
ers have not revealed any detectable harmful effects over a period of 
11 years. 

he occasional disability produced by the accidental exposure of a 
worker to a high radiation dose or a high concentration of radioactive 
materials represents a separate consideration. Previous hearings of 
the Joint Committee on Atomic Energy have explored the problem 
of proper workman’s compensation procedures to cover these cases. 
This subject undoubtedly should receive continuing attention in order 
to arrive at satisfactory policies to meet the problems peculiar to 
radioactive hazards. 

The outline attached to your letter of March 28 suggests that con- 
sideration be given to the practical limits to which radiation protec- 
tion can be carried. This isan important point to those developing the 
uses of atomicenergy. The present design of nuclear utilization facili- 
ties is such that their routine operation releases a minimum of radio- 
activity to the environment, and exposures to both the public and oc- 
cupaional personnel are well in accord with present criteria. In addi- 
tion to the control exercised by industry, this has in large measure been 
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achieved through the regulatory function of the Atomic Energy Com- 
mission, which has the responsibility for taking all necessary steps to 
insure safe operations of facilisicn involving the use of special nuclear 
or byproduct materials. The problem has been approached by the 
Commission in two different ways by different arms of the Commis- 
sion. Where the Commission has contracted with an industrial organ- 
ization, there has been a contractual requirement that the operations be 
conducted in a safe manner. Compliance with nationally recognized 
codes and standards are the principal requirement. Periodic reports 
have indicated whether exposures were adequately controlled. 

Where a license is involved, the Commission has established licensing 

rocedures which require detailed presentations. It also has estab- 
ished regulations to be complied with after the application is granted. 
Unlike the less detailed contractual requirements, licenses require de- 
tailed written presentations of operational procedures, methods of con- 
trol and proposed changes in facilities, together with subsequent evalu- 
ations and approvals. While these specific controls may be necessary 
for inexperienced users of radioactive materials, it is hoped that future 
regulatory policies can be of the type which places the responsibility 
for safe operation in the hands of the user once his competence has been 
established, in the manner presently used by the Commission for its 
contractors and generally used in the control of nonradioactive haz- 
ards. We understand the Commission is reviewing this area of non- 
uniformity. 

A primary requirement for regulations and codes in industry are 
that the criteria be consistent with the degree of hazard involved, that 
they be specific enough so that improper interpretations are not pos- 
sible, ion that they have the flexibility and uniformity mentioned 
above. The performance type criteria, such as specification of maxi- 
mum permissible exposure levels, which have been developed to date 
for the radiation industry and which are similar to performance type 
codes for other industries, will meet these requirements. 

I have already mentioned that current criteria and standards for 
protection against radiation hazards have been derived through ef- 
forts extending over a period of many years. We recognize that the 
uncertainties te the effects of radiation, the part played by fallout, 
and the highly technical nature of the field has led to some confusion, 

articularly among the public, as to the hazards encountered in in- 
ustry. Further, it is recognized that incidents involving radiation 
exposures receive wide press coverage and public attention. 

We are gratified that present-day standards and criteria reflect ob- 
jective approaches based on scientific data. From industry’s point of 
view in furthering the economic development of atomic power, this is 
important since overly restrictive controls could unnecessarily delay 
the achievement of economic atomic power in this country, without re- 
sulting in any significant benefits to the public or to workers in the in- 
dustry. Although continued study is certainly required as the indus- 
try develops, it would appear today that the current standards are ade- 
quate. 








RELATIONSHIPS BETWEEN AEROSPACE NUCLEAR 
SAFETY AND NCRP AND ICRP STANDARDS 


(Statement of Joseph A. Connor, Jr., Lieutenant Colonel, USAF 
(MC), chairman, Aerospace Nuclear Safety Board, and Donald 
M. Ross, D. Sc., Secretary, Aerospace Nuclear Safety Board) 


INTRODUCTION 


Preeminence in the field of airpower was first an American goal 
during the development of the military potential of the airplane, and 
then, following World War II, it became an unquestioned reality. 

Today, however, with airpower evolving into aerospace power, our 
position of preeminence has been seriously challenged. The very 
security of our Nation demands that we meet this competition. We 
cannot afford to be second-best in the field of aerospace technology. 

Our reaction to this technological competition has been to explore 
new concepts and advanced techniques with a view to breaking through 
those barriers which impose limitations on our use of aerospace forces. 
One such new concept which is being explored with vigor is that of 
airborne nuclear propulsion. New dimensions of military strength 
await the nation which exploits this new source of power. 

Consider the added measure of military security attendant with a 
manned nuclear-powered aircraft which will provide an airborne 
capability with a range limited only by the endurance of the men in 
the crew compartment. The possibility of thereby maintaining a 
major portion of the force on constant airborne alert would obviate 
the advantage of a surprise attack. 

Consider the tremendously increased power possessed by nuclear 
rockets which will make feasible for the first time the orbiting of high- 
payload satellites and space stations. 

Consider the war-deterrent advantage afforded by nuclear ramjet, 
low-altitude, high-speed missiles freed by its unlimited range from 
the predictable trajectory, and capable of weaving, feinting, and 
dodging while seeking out selected targets. 

Consider the expanded usefulness of satellites powered by nuclear 
reactors geared to provide kilowatts and even megawatts of power for 
months or years at a time. 

These, then, are the horizons portended by the successful arene 
ment of aerospace nuclear propulsion. But each of these uses hold 
forth the possibility of injecting additional radioactivity inte our 
atmosphere. Let us look at the systems individually, and see how the 
advantages of each balance with the costs of radiation protection. 


THE MANNED NUCLEAR-POWERED AIRCRAFT 


_ The striking features of a manned nuclear aircraft which distinguish 
it from its fossil-fuel burning counterpart are— 
(a) Its virtually unlimited range and endurance; 
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(b) Its giant-sized payload; and 
(c) Its employment flexibility which can provide these stra- 
tegic extras: 

1. An airborne alert with freedom from refueling problems, 
and a recall capability as well. 

2. Omnidirectional penetration which will force an enemy 
to an extensive and extremely expensive coverage of his 
entire border along all 360 points of the compass. 

3. Armed reconnaissance. 

4. Operational independence from oversea bases and 
refueling problems, which greatly reduces the vulnerability 
of the caiear striking force, and eliminates the large costs of 
maintaining these facilities. 

The evident advantages of this system, epitomized by the single 
word “endurance,’’ can be obtained only by paying the price of pro- 
tection against the attendant radiation. The considerations and 
concessions can be summarized as follows: 


A. Shielding of the reactor 

In the design of a nuclear-powered aircraft, there must be a compro- 
mise in the amount of shielding which can be carried in this high- 
performance system, and at the same time, provide adequate protec- 
tion for the crew. Bulky, heavy concrete shields would provide 
cheap, effective protection, but this 8%-foot-thick shield assembly 
would weigh about 1 million pounds, and would be quite unmanage- 
able from an aerodynamic point of view. 

An attractive solution to this shield problem has been the design 
of a divided shield; i.e., a portion of the shield is placed at the reactor, 
and the remainder at the crew compartment. This concept further 
employs what is called shadow shielding, wherein additional material 
is placed in front of the reactor to provide a core of reduced radiation 
in the direction of the crew. Naturally, it is desirable to take ad- 
vantage of as great a reactor-to-crew separation as possible, although be 
there is a point of diminishing returns beyond which it costs less 
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weight to add shielding than to extend the fuselage for the same reduc- Pl 
tion in radiation dose to the crew. re 
The parameters which the shield designer must consider, then, are— as 
(a) Crew compartment shield size; T 

(6) Crew compartment shield weight; th 

(c) Reactor shield size; a 

(¢) Reactor shield weight; ve 

(e) Crew-reactor separation. a 

It can be seen that these vitally affect the vehicle performance, size, sles 
control, stability and maintenance, and consequently, they are vitally : 
important to the aircraft design. res 
However, before work on thee parameters can begin, it is necessary fa. 
to establish the permissible exposure level for the crew and for the ties 
susceptible material in the higher radiation field between the reactor in 
shield and the crew shield. Once these are defined for a mission, and tas 
the mission duration is specified, the permissible dose rates or fluxes in tio 
each region may be determined. Then, begins the task of choosing the ( 
proper materials and arrangements, tracing the gamma and neutron rad 
spectra from the core to the point of concern, and accounting for all of div 


the special charges as they pass through the reactor shield, travel along 
the extended media, and finally penetrate the crew shield. 
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It is readily seen that one must examine in great detail the criteria 
for human exposure so that the shielding requirements do not unduly 
penalize the airframe designer. 


B. Radiation exposure to the crew 


For many years, it was thought that the effects of radiation upon 
the crew might be limiting the development of nuclear-powered air- 
craft. A Medical Advisory Group was established by the U.S. Air 
Force School of Aviation Medicine to suggest standards for radiation 
exposure which would be acceptable to the Air Force along with the 
usual hazards of flight. They considered the sizable factor of safety 
built into the NCRP recommendations, and the relatively high level 
of risk associated with any military flying, and concluded that the 
regulation spelled out by the AEC for industrial workers should not 
necessarily obtain for the military nuclear airplane program. The 
Medical Advisory Group then proceeded to study in great detail the 
records of people exposed to radiation in an effort to determine a 
threshold for radiation damage. The victims of atomic bombs in 
Japan, the Marshall Islanders inadvertently irradiated from fallout, 
medical care histories of patients who had received large doses of 
X-ray in treatment, and a population of radiologists who had received 
a large accumulated exposure in the daily pursuit of their profession— 
all of these experiences were examined in detail. Using these data 
and the results of animal experiments, the Medical Advisory Group 
proposed a tolerance dose for volunteer crew members somewhat 
higher than the NCRP occupational standards. This dose would be 
received within the training and operational period of 10 years, was 
deemed to produce a negligible biological effect in this age group, and 
was acceptable for use in the military program. 


C. Ground support for nuclear aircraft 


While the ground maintenance and the support of the nuclear air- 
craft will be, in most respects, quite similar to the current heavy 
bombers, the radiation environment will markedly affect maintenance 
procedures and require unique equipment. 

The presently accepted concept of ground support involves the 
removal of the reactor as the initial step of a major periodic mainte- 
nance check, and its reinstallation as the final step before takeoff. 
The high level radiation environment thus having been eliminated, 
the bulk of the maintenance can be accomplished under favorable 
conditions. The safety and practicability of the reactor removal and 
replacements have been demonstrated many times in Convair’s suc- 
cessful flight program with the B-36 carrying a flight test nuclear 
reactor (July 1955 to March 1957). 

Because of the high level of radiation from the core, inspection and 
repair of the reactor must be done remotely in a special shielded 
facility. Shielded mobile equipment is preferable for the actual 
removal and replacement of the reactor because it places the operator 
in the most favorable position (for observation as he accomplishes his 
tasks). In addition, operational flexibility is enhanced since opera- 
tions may be carried out at any point on the nuclear base. 

Operational bases for nuclear powered aircraft present a problem in 
radiological safety never before encountered. The size, scope and 
diverse activities of such a base require an almost completely auto- 
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mated overall radiation monitoring system, and a large force of trained 
personnel performing detailed health physics work. 

The ‘‘permissible exposure limits’? which will be in effect should be 
within present NCRP occupational limits, and will be consistent with 
the lowest possible personal accumulated doses and efficient base 
operations. Any planned exposure to ionizing radiation will be 
weighed against the benefits to be derived from the task before the 
exposure is allowed. The health protection philosophy will be that 
while any radiation is harmful to some degree, the “permissible expo- 
sure limits’? will indeed be allowable if necessary for efficient base 
operations. 


D. Public hazards from nuclear aircraft 


In discussing the direct radiation hazards to the public of nuclear- 
powered flight, it can be said that the aircraft poses no threat under 
normal operating conditions. It will fly at altitudes high enough to 
keep radiation from reaching people on the ground; but even if it 
were to fly low, the shielding around the reactor would reduce the 
radiation below to a negligible level. The principal concern would be: 
(1) accidents which cause the release of fission products from the 
reactor, and (2) the dosage from exposure to leakage radiation (in the 
case of the direct-cycle-reactor concept). 

If a nuclear-powered aircraft crashes, it is possible that some fission 
products will be released. Even if the powerplants are quickly shut 
off, the heat emitted from the fission products in the reactor might 
melt the core if the coolant were shut off. A more serious but far less 
probable accident could occur if all the reactor safety controls failed 
in a certain sequence and the reactor ‘ran away.” This event might 
vaporize the core, releasing a higher percentage of fission products 
than in the meltdown process. 

A detailed study of the hazards of nuclear-flight testing was con- 
ducted by the Aircraft Nuclear Propulsion Group at Convair. They 
calculated the radiation doses for possible nuclear accidents. The 
following table summarizes the maximum doses which a person down- 
wind from one of these accidents would receive as the ‘“‘cloud” of 
released fission products blew past: 


{In miles] 
\2ere ‘ MPE Lethal 
njury possible exposure 
unlikely) illness) 
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The MPE refers to the “once in a lifetime” emergency dose which 
is mentioned in Handbook 59 of the NCRP. Generally, this is a 
radiation dose which is thought to cause no appreciable biological 
damage in humans. 

A longer term hazard through the passage of a radioactive cloud 
is the contamination of the ground vegetation from the falling out of 
the airborne fission products. Circumvention of this possible problem 
will make it advisable for the flights of nuclear-powered aircraft to be 
programed over ocean areas or sparsely inhabited land corridors. 
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After considering the careful measures in programing takeoffs dur- 
ing favorable weather (and landing under lapse conditions), an 
analysis of the frequency and location of military and civilian air 
crashes would indicate a probability of less than 1 in 10 million that a 
populated area beyond the controlled area of the airbase would be 
involved. 

To review the procedures for the protection of the public: the test 
would be conducted during daylight hours. The test aircraft 
would generally be programed to use its conventional propulsion 
system for the takeoff, landing, and flight to and from the test area. 
Careful consideration would be given to conducting the nuclear tests 
under favorable weather conditions to provide adequate diffusion. 
In effect, nuclear flight tests could be conducted with complete 
flexibility as to weather. The aircraft could be flown at such altitudes 
that no person on the ground would receive a significant exposure, 
even if the aircraft were to pass directly ooheaa with the nuclear 
propulsion system operating at full power. 

The extent that the leakage of radioactive-fission products from the 
fuel elements in the direct cycle powerplant will affect occupational 
and nonoccupational personnel are presently being undertaken by 
Convair under the code name Project Halitosis. Although these data 
have not been released, it is to be noted that objectives of the program 
directly impinge on the radiation problems and standards. To wit: 

(a) To determine the normal operational hazards due to con- 
tinuous fission product release by nuclear aircraft utilizing the 
direct cycle powerplant. 

(6) To determine the probable impact of these hazards on 
occupational and nonoccupational personnel. 

(c) To assess the effect of the operational nuclear aircraft on 
the worldwide atmospheric contamination level. 

(d) To perform a parametric study which will aid in the estab- 
lishment of acceptable fission product release rates from fuel 
elements. 


SYSTEMS FOR NUCLEAR AUXILIARY POWER 


One of the myriad problems spawned by space flight is to provide 
sufficient electrical energy to power the sensing and communications 
> Ae gy in a space vehicle for the length of time that the mission will 
ast. 

For short flights and small payloads, stored electricity has been 
used, but for extended flight the short lifespan and the high weight 
per unit of power rule out the use of batteries as a solution to the 
problem. Solar cells have been demonstrated to produce small 
amounts of power for long periods of time, but sometimes, the nature 
of the mission is such as to preclude the dependence on sunlight, and 
certainly for the high watt-hour requirement, solar cells become bulky 
and complex. 

Radioisotopic sources for small, compact, low-wattage requirements 
and nuclear reactors for kilowatt and perhaps megawatt power needs, 
lend themselves appropriately to remote unattended application. An 
example of the former device, a 3-watt unit powered by the radio- 
active decay of 1,700 curies of polonium, is presently available, and 
other sources utilizing curium-242, cerium-144, promethium-147, 

54561—60——12 
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strontium-90 and plutonium-238 have been designed, and are awaiting 
a firm requirement. 

When the power needs exceed a few hundred watts, the amounts 
of radioisotopes required for direct power conversion become pro- 
hibitively large. The use of compact reactors promises to provide an 
economical source of continuous, long-enduring power for numerous 
earth-satellite systems, including reconnaissance, early warning, navi- 
gational beacons, weather surveillance, and communication and TV 
relay stations. In addition, these nuclear powerplants promise the 
only reasonable low weight, small-area, orientation-or-trajectory- 
independent source of power for the electric propulsion systems en- 
visioned for interplanetary exploration. The lower power (kilowatt) 
systems are under development and will soon be ready for flight, while 
the megawatt reactors can be made available when electric propulsion 
has proved to be a preferred method of space propulsion. 

It would be less than candid not to admit that the manufacture and 
use of these SNAP (systems for nuclear auxiliary power) devices poses 
some unique radiation protection problems for the people of the 
United States and the world. A brief consideration of the hazards 
associated with the use of isotopic fuel sources will be divided into the 
following categories: 

(a) The inherent safety of the procedures associated with 
isotope separation and with fabrication of final packaging of the 
heat source. 

(6) Evaluation of potential problems involved in shipment, 
ground handling, and ground test procedures. 

(c) Safety of the device during loading on the space vehicle, 
and other conditions associated with the launch pad. 

(d) Launch pad problems through the cone of destruct. 


Material handling 


All manipulation of the raw material will be handled in a conven- 
tional manner in a standard isotope hot cell at one of the national 
laboratories wherein there is a reposit of a large background of ex- 
perience. There are no special safety problems here. The loading 
procedures will be developed during dry runs before the core is 
actually loaded with active material. Indeed, most of these proce- 
dures have already been developed by the Oak Ridge National 
Laboratory in cooperation with the Martin Co. The fuel container 
will be loaded directly into the electrical conversion unit, and the 
entire unit installed in a special shipping container. This loading 
equipment is presently available and is in normal usage at the Oak 
Ridge National Laboratory. 


Shipment and ground handling of the cores 
The container for transporting the complete SNAP unit will be 
designed to: 

(a) Conform to ICC shipping regulations for escorted ship- 
ments. 

(b) Be capable of dissipating the heat generated within the 
element and be designed for a surface temperature not to exceed 
180° F. 

(c) Be structurally capable of withstanding any predictable 
transportation accident. 
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The techology of all the above stated items has been fully estab- 
lished by various AEC contractors through experience in shipping 
spent fuel elements and similar high intensity isotope sources. Ap- 
proved ICC containers are available for approximately similar radia- 
tion quantities. Inasmuch as the devices contain more activity than 
is presumable under ICC regulations unescorted, an escort will be 
provided during transport so that all security regulations and ICC reg- 
ulations will be observed. When the shipping containers reach the 
launch site, they can be received, transported, and stored to conform 
with all AEC and local regulations regarding radiation safety. 

Private companies shipping these isotopic sources would be required 
to comply with all ICC regulations. For example, the radiation level 
must be less than 200 mr/hr on the surface of the package, or 10 mr/hr 
at 1 meter distance; a Bureau of Explosives permit would be required 
for sources in excess of 2,000 millicuries; no surface contamination 
permitted; an appropriate ICC label must be attached (for a 2,000- 
curie source). 

If the radiation from the SNAP unit contains an important gamma 
component (e.g., in the case of the Ce™ unit), additional precautions 
wala be taken during loading into the satellite. Mercury could be 
introduced into the SNAP unit as a radiation shield so that no per- 
sonnel will receive radiation doses exceeding prescribed AEC limits. 
At the launch site, the cask containing the mercury-shielded SNAP 
would be opened and the SNAP unit installed in the vehicle and 
mated to the booster system. At T—5 minutes, when the launch pad 
is completely cleared of personnel, the mercury could be drained 
by means of external drain limes which would remain attached to the 
unit until the actual launching, and would break away only when the 
vehicle lifts from the pad. This would enable refilling of the shield 
in the event of a launch delay. 

Launch pad problems extending though the cone of destruct as indi- 
cated above. A SNAP core containing a beta-gamma emitter (Ces, 
for example) and surrounded by a 7-inch layer of mercury, poses little 
or no radiation hazard to personnel during the countdown procedure. 
The situation which is most difficult to handle is that where in the 
umbilical separation has been made and, due to other equipment 
failure, the missile must be destructed somewhere over the launch site. 
At this point, no mercury shielding is possible, so remote equipment 
must be provided for locating and recovering the device. By way of 
example, there is listed in the following table, the direct radiation dose 
from a 30,000 curies Ce source at various distances, including the 
time which would be required for an individual to receive a 20 r dose. 





Distance from source (feet) r/hr Time for 25r 
Westen piemsstotendionpaeestanimene tiga bone a che eta nebece eee 30, 000 0.5 minute. 
oA chek 5 Le et eed ee eek ee eee 1, 000 1.5 minutes. 
Ie ince a a i i Mi a Ea ke ee 100 0.25 hour 
WOassebccaks cdscetutluntccetccocbhbs bab Adbsbec dabeeesee sbi tbe 10 2.5 hours. 
Ri cai ita a ae i i ed 1 25 hours 
Ten on tetieiacnnenentrane sce tends tei: Atak de a 25 | 4.2 days. 
Ree 3 Ee BU ee ler 6 ed orks on hs 25 days 
2,000, 
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Sources of this intensity can be located with essentially 100 percent 
certainty by a combination of aerial and ground surveillance tech- 
niques which are well known and well defined. As long as the unit 
remains intact and presents a radiation threat to people, it must be 
recovered. 

In the event that the device falls into deep ocean, it is probably 
undesirable to attempt to recover it, inasmuch as the packaging ma- 
terial will have been designed to remain intact in salt water through- 
out the effective life of the isotope. 

If the vehicle is lifted from the pad but is in poor trajectory, the 
normal destruct devices will come into play. These operate with an 
extremely high degree of reliability (failing has than 1 time in 10,000). 
This reliability coupled with accurate impact prediction virtuall 
assures that an abortive vehicle will not come to rest on foreign soil. 
Since there are improbable situations, however, when the intact iso- 
tope package could return to continental soil, it is imperative that 
the range safety officer must destruct very early if there is a relatively 
slight deviation from the prescribed trajectory. 

Once the isotopic package is launched above the earth’s atmosphere, 
it would be highly desirable to disperse it completely rather than have 
it return to the earth intact. Presumably, if aerodynamic heating 
could result in complete burnup, the radioisotope would return to 
earth in a manner similar to fission products entering the stratosphere 
from a tests (provided, of course, that particle sizes were 
comparable). 

As indicated by weapons test experience, the half time for the 
fallout of small particles varies from 6 months to about 2 years. 
During the time of fallout, the isotope (Po? or Ce for example) 
would be decaying with their respective radiological half lives. The 
effect of these two factors would be such that the maximum amount 
of polonium that returns to earth would be only about 20 percent of 
the initial activity, and for cerium, activity would be about 33 percent. 
In the meantime, the material will have spread over such a wide area 
that it would be unrecognizable and would contribute insignificantly 
to the natural radiation background. 


SNAP REACTOR POWER SUPPLIES 


The nuclear safety problems associated with the use of reactors as. 
auxiliary power supplies in space may be briefly summarized as follows: 
(a) Potential hazard from the fissionable fuel. Inasmuch as the 
total activity represented by the fuel in a SNAP 2 or 10 reactor before 
operation is less than 0.01 curie, these hazards can be shown to be 
quite minimal. If, as a result of a launch pad explosion, all of this 
U*® fuel could somehow be injected into the atmosphere during the 
most adverse weather conditions, an observer at any allowable dis- 
tance from the explosion would receive a transient exposure that could 
be no greater than the maximum permissible level for controlled 
personnel (handbook 69). 
(b) While the reactor is operating, a considerable quantity of fission 
pore is produced. This hazard can be circumvented completely 
y requiring that the reactor be started in orbit rather than either on 
the ground or during ascent through the atmosphere. If the reactor 
is operated for a short period sometime prior to launching, then the 
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hazards at launching would be similar to those of the isotope systems, 
except, of course, that the total radioactivity involved would be 
considerably smaller for thé reactor. It is the current goal to start 
the reactor only after the vehicle has achieved a long duration flight 
path in space. This flight path could be either a high altitude orbit 
about the earth, or a path resulting in escape from the earth’s 
gravitational field. 

Once the reactor is started, fission products will accumulate, and 
it is the possibility of their reaching the earth’s surface which con- 
stitutes the principal hazard from these SNAP reactors. If the 
vehicle’s mission carried the reactor beyond the earth’s gravitational 
field, there is very little likelihood of its reentering the earth’s atmos- 
sphere in the ensuing several hundred years, thereby eliminating the 
hazard. On the other hand, if the flight path were an earth orbit 
which barely touched the fringes of the upper atmosphere, the re- 
sultant drag of the satellite would cause the orbit gradually to 
approach the earth. This points up the importance of the third 
hazard, namely: 

(c) After the reactor has ceased to operate, there remains an in- 
ventory of radioactive fission products which can be a health hazard. 
There are two ways to negate the hazard of this accumulation of radio- 
active waste. First of all, if communication with the satellite has 
been maintained, the reactor could be shut down upon command 
from the ground. This would allow the inventory of fission products 
to decay during the remaining lifetime of the satellite. Naturally, 
the remaining Ffetime would be dependent upon the height of the 
orbit, and since this is known with considerable accuracy, the magni- 
tude of the residual activity upon reentry can be calculated for re- 
actors in any orbit. 

A second way to ameliorate the hazard of reentering fission product 
inventories is to keep them away from people. This might be done 
by controlling the reentry of the satellite so that radioactive debris 
might be directed to some remote ocean repository where its dilution 
to minuscule quantities would be assured. Unfortunately, the present 
state of the art of controlled reentry is not sufficiently advanced to 
permit this approach. Rather, it would seem more desirable for the 
power reactor to be completely dispersed if it reenters the earth’s 
atmosphere before radioactive decay has reduced its fission product 
inventory to a very low level. That aerodynamic heating would 
completely vaporize the unit, although theoretically probable, has 
not been demonstrated at the present time, and assurance must await 
additional study and testing. 

(d) If, as a consequence of some accident, the reactor were to op- 
erate in an uncontrolled manner, its own mechanical integrity might 
be destroyed and fission products released. One of the safety design 
criteria for the SNAP reactors is that the geometry of the reactor 
shall preclude its becoming critical as a consequence of a launching 
accident. Examples of the kind of launch pad aborts that a properly 
designed reactor must accept without achieving criticality are (1) 
immersion in such substances as water, and rocket propellants such 


as ne and liquid hydrogen, and (2) impaction against a hard 
surface. 
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THE NUCLEAR RAMJET 


As flight applications for air breathing propulsion have advanced 
further into the supersonic range, the ramjet engine has received 
increased attention for airplane and missile application. Conceptually, 
the ramjet consists of three major components: a means of compress- 
ing the inlet airstreams; a means of adding heat to the airstream (in 
this case, a nuclear reactor); and an exhaust nozzle for expanding the 
heated airstream back to the ambient pressure. The engine’s thrust 
arises from the difference in momentum of the incoming air and exit- 
ing air imparted from the reactor. 

hy the interest in a nuclear powered ramjet? Because the en- 
durance of a reactor powered device, freed from the ponderous bulk 
and weight of fuel and tanks, would make possible a new retaliatory 
threat to hostile nations, and create for them a wellnigh unsurmount- 
able defense problem. As presently conceived, the concept of SLAM 
(supersonic low altitude missile) may be described briefly as follows: 

The missile would be boosted to altitude and cruising speed (because 
the ramjet depends on its own forward motion for compression of the 
incoming airstream) by a solid propellant rocket booster, then cruise 
over friendly territory at high altitude. As the missile neared enemy 
territory, it would descend to low altitude and penetrate to the target 
at supersonic speed. Relatively enormous payloads can be pro- 
gramed for ejection on individual targets. The small size and a unique 
self-zeroing guidance system makes SLAM amenable to complete 
mobility and a variety of other basing concepts which insure force 
preservation for retaliatory attack. 

Since the use of a nuclear ramjet is contemplated only in the case 
of a major war, the principal peacetime hazards are associated with 
the flight testing of this system. 

Needless to say, the radiation hazards associated with the launchin 
of a ramjet reactor require that flights be conducted over sanamelned 
corridors. Since suitable areas do not exist over the continental 
United States, a coastal, offshore or inland launching site leading to 
a sea test range is mandatory. 

The nature of the flight test operation is such as to make it manda- 
tory that the site be located in an area of low population density. 
The exclusion areas and allowable civilian population within given 
distances from the launch site are a function of the reactor operating 
history prior to launch. For a ‘“‘cold launch” where only a reactor 
criticality check is performed before the missile is launched, the 
following criteria have been suggested: 

(a) Exclusion area 1.4 miles from the launch site—no habita- 
tion. 

(6) Ten miles outside of the exclusion area—no towns over 500 
population and rural population less than 5 per square mile. 

(c) Ten to twenty miles outside of the exclusion area—no towns 
one 5,000 population and rural population less than 10 per square 
mile. 

For a “hot launch’’, i.e., one for which the reactor power has been 
increased gradually to 1 percent of full power prior to launch, the first 
exclusion area would be increased to 5.1 miles. 

A missile which does not receive sufficient power from the reactor 
to sustain level flight will impact at a point somewhat beyond 20 miles 
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from the launching site. It is desired that the missile be impacted in 
deep water (50 fathoms) to insure sufficient shielding to prevent over- 
dosing of surface transportation and to insure that ocean currents on 
the bottom will be so small as to preclude significant movement of 
the wreckage. 

Radiation hazards associated with the SLAM nuclear powerplant 
result from two types of radiation: The direct beam radiation; and the 
release of radioactive fission products. Since the reactor is essentially 
unshielded (except for shadow and box shielding of sensitive compo- 
nents), the direct beam dose to a person directly under a missile may 
exceed the maximum allowable “‘once in a lifetime dose” and is ample 
reason for conducting the low level tests over the ocean. At an alti- 
tude of 35,000 feet, the direct beam dose to a person on the ground is 
eer The fission fragments released during flight will be from 
a line source, rather than a point source such as at a launch site. 
Since these fission fragments released above the surface are in a line 
source during flight, they are much better diffused initially than those 
released from a point source on the surface. As a result, calculations 
indicate that the hazard from the fission fragments released from a 
missile in flight at any altitude above 500 feet will be within allowable 
limitations even for civilian population (handbook 69). In the event 
of an impact of a missile on land, where the radioactivity becomes a 
point source, an exclusion radius of 53 miles will be required for offsite 
personnel. Hence the obvious need for a cleared ocean test range. 


THE NUCLEAR ROCKET 


The development of the nuclear rocket principle of propulsion has 
the excitement and challenge of applying the enormous power of 
nuclear energy to the new field of space exploration. Recognizing 
the possible potential of nuclear rockets, the Air Force expressed to 
the AEC an interest in the development of such a rocket more than 
3 years before the word “sputnik” was added to our vocabulary. 
From this requirement, the Rover project was initiated to demon- 
strate the feasibility of applying nuclear energy to rocket propulsion. 
The first experimental reactor, affectionately dubbed the “Kiwi-A” 
after the flightless bird of New Zealand, was successfully tested in 
Nevada in July of 1959. 

A nuclear rocket must carry its own reactive mass, which is heated 
by the reactor, and expanded to produce thrust. A propellant, gen- 
erally liquid hydrogen, is passed under pressure through a reactor and 
out an exhaust nozzle. During passage of the hydrogen through the 
reactor, heat is transferred from the hot fuel elements to the flowing 
hydrogen. The hydrogen is heated to a high temperature and dis- 
charged from the exhaust nozzle at high velocity. The nuclear rocket 
has a potential advantage over the best chemical system in that for a 
given thrust and mass of propellant, the thrust can be supplied for 
about twice as long. 

Nuclear rockets of two types are of interest: first stage boosters 
and second or third stages. Since the energy available in a pound 
of U* is some 10 million times that of the most energetic chemicals, 
there is no problem in carrying along an essentially unlimited supply 
of power for nuclear ‘enapulsiags: The trick is to convert it to useful 
thrust at a high performance level 





in other words, to transfer a large 
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amount of energy to each pound of propellant. In the case of space 
vehicles, the virtue of high velocity recoiling material, e.g., propulsion 
systems with high specific impulse, is enhanced as the demands of the 
mission increase. Specific impulse is defined as the pounds of thrust 
produced per pound per second of propellent flow rate. Through the 
relationships between force and momentum, specific impulse is also 
proportional to the exhaust velocity of the propellant relative to the 
vehicle. 

The propellant to be used in nuclear systems can be chosen with 
considerable freedom, whereas it is necessarily the product of com- 
bustion in chemical systems. The best chemical fuels now in use have 
molecular weights in the range of 18 to 25. If one can choose a pro- 
pellant such as hydrogen, with a molecular weight of 2, there is a 
potential increase in specific impulse of a factor of 3, simply from this 
change. 

Heat-transfer rockets, even completely successful ones, will dis- 
charge radioactive fission products along with the heated hydrogen. 
In general, these discharged fission products will be gases that have 
diffused through the walls of the reactor’s fuel elements. During 
a flight through the earth’s atmosphere, these gases will readily diffuse 
within the atmosphere, and will not descend as a concentration of 
radioactivity within a small area. A large fraction of the fission 
products will be retained within the reactor; and, if the reactor re- 
mains intact, it will be a concentrated source of radiation. 

Reactor systems (either power supplies or rockets) can be launched 
from coastal regions of the continental United States without hazard 
if four conditions are met: (a) The reactor should contain little or no 
fission products from previous operation. (6) The reactor must not 
become critical as a consequence of accident during launch. (c) The 
reactor should be started only after a stable orbit about the earth has 
been attained. (d) The reactor either should be burned up with wide 
dispersion of its fission products during reentry into the earth’s at- 
mosphere, or it should remain in space sufficiently long after shutting 
a for its fission product inventory to decay to an acceptably low 
evel. 

In some cases, safety of the use of nuclear rockets can be increased 
if the launching trajectory is altered in a way that involves a per- 
formance penalty. If the performance penalty is sufficiently severe, 
use of a nuclear rocket would not be justified. 

The same considerations in the selection of a test site would obtain 
as for the nuclear ramjet. With regard to the falling into the ocean of 
a nuclear rocket or ramjet engine, it should be borne in mind that 
although the total fission products enclosed within the reactor may be 
large, the matrix in which the reactor fuel is contained is only slightly 
soluble, and it would take many years to release the contaminating 
radioactive materials even if the reactor were broken up into many 
small pieces. Solubuility in ocean waters has been estimated to be 
approximately 200 curies per year at the beginning, and of course 
considerably less as the years go by. 
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SUMMARY 


The role of aerospace nuclear power in the realization and further- 
ance of major national goals has been reviewed. Indeed, many of 
these objectives are also universal human goals in the general advance- 
ment of man’s culture. 

As with almost every previous instrument of cultural advancement, 
nuclear power brings an attendant price. This price may be met by: 
man’s absorbing large (and therefore unacceptable) amounts of 
ionizing radiation; completely shielding and containing all radiation 
sources (and thereby largely negating their usefulness) ; or adopting a 
compromise whereby an acceptable, biologically insignificant amount 
of radiation may be tolerated while deriving the manifest benefits of 
this revolutionary source of energy. We believe that present NCRP 
and ICRP standards provide the guidelines for such a desirable solu- 
tion. By observing them, the population is protected, and operational 
costs to achieve this protection, though admittedly high, can be kept 
within reason. 

Next, we have considered and reviewed certain attendant risks. 
We believe that an honest, unemotional appraisal of these reveals 
them to be no more than, and usually much less than, those risks 
encountered in the progressive development of steam and electric 
7 the airplane, the automobile, or even something as basic as 

e. 

Since the people of the United States may at times be willing 
to meet the price of these advantages differently from other peoples 
of the world, we would like to give our strong support to the observance 
and significance of ICRP standards. Through their use, we can all 
speak the same language, arrive at mutual understanding and trust, 
and jointly enjoy the cultural progress that will come through the use 
of aerospace nuclear power. 

In closing, we aula look ahead to the day when the use of aerospace 
nuclear power will be commonplace. By then, some international 
accord in the registration and regulation of nuclear energy will be 
necessary to continue living within equilibrium conditions established 
by NCRP and ICRP standards. It is not too early today to give 
thought to this requirement of the future. 








RADIATION EXPOSURES ASSOCIATED WITH THE MEDI- 
CAL USE OF X-RAYS AND GAMMA BEAMS 


(By Carl B. ere Director, Physics Laboratory, Francis Dela- 
eld Hospital, New York) 


Of the various manmade sources of ionizing radiation X-ray equip- 
ment is by far the most important contributor to the population dose 
as the public is being X-rayed for medical purposes on a rapidly 
increasing scale. Furthermore, medical and dental X-ray applications 
involve the highest number of occupationally exposed persons, about 
one-quarter million people. An equally large group is potentially 
subject to irradiation in the environs of X-ray aetean if proper 
safeguards are not provided. It is, therefore, as important to set and 
maintain high radiation protection standards for X-ray installations 
as it is for nuclear facilities. 

Medical X-ray installations in general are designed and operated to 
comply with the NCRP recommendations, and more specifically with 
those prepared by its subcommittee 3 and published in NBS Hand- 
book 60. In recent years a number of the States have enacted 
radiation control legislation; there has been a tendency, however, to 
base these on the NCRP recommendations. This is fortunate as 
unlike the NCRP, few States have available a sufficient number of 
qualified experts experienced in the various phases of radiation protec- 
tion. The use of the NCRP recommendations as a guide in the 
preparation of State codes has resulted also in relative uniform pro- 
tection standards for the entire country. X-ray equipment meeting 
the safety requirements of one State is, therefore, acceptable in most 
parts of the country. 

The somatic and genetic effects of radiation already have been 
discussed extensively at previous hearings. While there is some dis- 
agreement on permissible radiation levels it is generally accepted that 
until more positive evidence is available the levels should be kept as 
low as possible without seriously reducing the many benefits associated 
with the use of ionizing radiation. One important question is, there- 
fore, whether present radiation protection standards and controls 
meet this criterion for medical applications of X-rays and sealed 
gamma sources. My statement is limited to a discussion of the prac- 
tical aspects of this problem. Let us consider the exposure of the 
three groups of individuals involved, (a) patients, (6) radiation 
workers, (c) other persons in the environs of radiation facilities. 


(a) Patient's dose 


Extensive studies have been made of the gonad dose received by 
patients during diagnostic and therapeutic procedures. As might be 
expected the results vary widely as there are great differences in the 
care, techniques, and apparatus used at the various clinics. Yet, 
there is general agreement that the medical application of X-rays is 
the greatest manmade contribution to the population gonad dose. 
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Without going into technical details it may be stated that great 
progress has been made in X-ray equipment design to reduce the 
patient’s gonad dose. Many of these changes are the results of 
recommendations made by the NCRP. There is, however, still room 
for further improvements. 

There is also a need for devicing less expensive accessories for dose 
reduction; for instance, image intensification which reduces the dose 
to patient by a factor of about 5, is still not within the reach of the 
average small hospital. 

Even with the best equipment the dose to the patient depends pri- 
marily on the competence of the operator and his sincere interest in 
radiation safety. Careless beam orientation and the use of fields 
larger than necessary may increase the gonad dose by a factor of more 
thana hundred. No MPD has been set for the patient as the potential 
hazards may be justified by the clinical objective. Any further 
reduction in dose to the patient depends, therefore, on education 
rather than new regulations. 


(6) Occupational exposure 


A large group of X-ray workers can carry on their functions while 
remaining Pebind fixed barriers during irradiation; these individuals 
include operators of therapy and stationary radiographic equipment. 
The exposure received by these persons depends, therefore, almost 
entirely on the adequacy of the room shielding. 

In newer hospitals the structural X-ray protection for radiation 
workers has usually been designed to meet the present maximum 
permissible average level, 5.0 roentgens per year, even under the most 
severe operating conditions. Asa result the actual exposure is usually 
considerably less than 0.5 roentgen per year, as determined by radia- 
tion monitoring of workers who stay behind shielded barriers durin 
irradiation. It would appear from the above that the MPD could 
be reduced by a factor of 10 without necessitating any increase in the 
structural shielding of recently completed hospitals. This is not 
necessarily the case, as the enforcement of State radiation control 
regulations often are based on the worst possible operating conditions 
rather than on those which might be ake expected. The 
built-in factor of safety, however, has not raised the shielding cost 
significantly in the case of new construction. The required increase 
in lead thickness is only about one thirty-second inch for diagnostic 
installations resulting in an added cost of less than $100 per room. 

In the case of older X-ray installations the factor of safety as a rule 
is not nearly as high; furthermore, it is extremely expensive to add to 
existing shielding. Any further lowering of the occupational MPD 
would cause financial difficulties to many older hospitals. Often the 
money required for such reconstruction would serve the cause of 
radiation protection better by being used for replacement of obsolete 
X-ray equipment. 

The greatest source of occupational exposure is fluoroscopy and 
special radiographic examinations which require the staff to remain 
in the X-ray room and in close proximity of the patient during irradia- 
tion. Obviously, improvements in structural shielding will not help 
this situation. The degree of safety depends here on the use of 
suitable equipment and most important of all proper operating 
procedures. Figure 1 illustrates these points for vertical fluoroscopy. 
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The average exposure received by the fluoroscopist using current 
standards of protection is only about one twenty-fifth of that received 
30 years ago. 

It is interesting to note that this great improvement in equipment 
and procedures was accomplished mainly prior to the enforcement of 
any protection regulations. It has been primarily a matter of educa- 
tion; once aware of the full extent of the radiation hazards, the radio- 
logical profession has insisted upon improved apparatus and the use 
of all possible safeguards. Lowering the present MPD is not likely 
to further improve the situation. The cautious radiologist already 
has reduced his exposure to the very minimum required to obtain the 
diagnostic objective. Film badge readings of almost 100 radiologists 
doing fluoroscopy with equipment meeting current standards of pro- 
tection show an average yearly exposure of less than one-fifth of the 
MPD. The careless fluoroscopist who ignores present radiation 
standards is not likely to pay attention to any lowering of the MPD 
and it would be difficult, if not impossible, to enforce legislation 
governing fluoroscopic procedures. On the other hand, regulations 
which have outlawed hazardous apparatus have been very effective 
in reducing the dose to the patient, fluoroscopist, and attendants. 


(c) Exposure of persons in the environs of X-ray installations 

In addition to patients and radiation workers, persons living or 
working in the environs of X-ray installations may be exposed to the 
radiation produced by the equipment. The exposure of this group, 
which may include children, is not under contimuous control. Ac- 
cordingly, both the ICRP and the NCRP have reduced the MPD 
for these individuals to one-tenth of the occupational value, or 0.5 rem 
per year. 

The lower MPD has not caused any great technical difficulties 
although it has increased significantly the shielding cost of therapy 
installations. The greatest problem has been the determination of 
the exposure levels in residential areas without creating radiation 
phobia. There has also been the question of the accuracy of such 
determinations due to the present lack of suitable instruments, 
capable of accurately measuring very low radiation levels without 
time consuming procedures. Any lower MPD would approach the 
level of natural background radiation and therefore, present a difficult 
problem of dosimetry. 


Special problems associated with gamma beam teletherapy 


Increased availability of cobalt 60 sources with high specific activity 
and the greater choice of equipment have resulted in wider use of 
teletherapy apparatus in the treatment of deep seated lesions. The 
protection of such installations has to meet the AEC requirements; 
these standards are in essential agreement with the NCRP recommen- 
dations, NBS H 73 (in press). Here the lower MPD for the environs 
0.5 rem per year, has increased the shielding cost and weight signifi- 
cantly. For primary protective concrete barriers the required increase 
in thickness is 8}4 inches or of the order of 20 percent. 

Most of the patients receiving cobalt therapy have passed the 
reproduction age; the reduction of the gonad dose is, therefore, of 
minor importance. It is still desirable to limit, as far as practical, 
the dose to the tumor volume; this has been considered in the present 
protection standards. Since the cobalt 60 source emits radiation 
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continuously its housing must be designed to insure adequate protec- 
tion to personnel while setting up and removing patients. Equipment 
constructed in conformance with present standards has been found to 
provide a high degree of safety. Personnel monitoring of teletherapy 
operators indicates that they receive less than one-tenth of the MPD 
during these procedures. 

The structural shielding requirements for teletherapy installations 
are much greater than for X-ray equipment operating at conventional 
voltages; yet, radiation surveys indicate less exposure of teletherapy 
personnel. This may be explained by the greater attention given to 
the shielding design of such installations. 


Summary and conclusions 


Present radiation protection standards can be met without inter- 
fering with essential medical procedures and without causing excessive 
expense. The exposure of patients, personnel and the public may be 
further reduced, but mainly through education rather than through 
more regulations. Any further reduction in the MPD would restrict 
the medical applications of radiation and would add to the heavy 
financial burden already carried by most hospitals. 

Radiation control agencies are handicapped at present by shortage 
of physicists and other specialists with adequate training and experi- 
ence in the field of radiation protection. There is an urgent need for 
an extensive training program on graduate level. 

Much work need still to be done in the development of new devices 
and techniques, for the reduction of the patient’s gonad dose. 

A national agency should be established for the registration of all 
radiation accidents and other incidents of serious overexposure. At 
present many of such cases are known only locally and the individuals 
involved are not followed up over any extended period of time. The 
same agency could serve also as a clearinghouse of other information 
pertinent to the problems of radiation standards and control. 
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STATEMENT BY R. G. McALLISTER, CHAIRMAN, ASA 
SECTIONAL COMMITTEE N-7, AMERICAN STANDARDS 
ASSOCIATION 


The American Standards Association sectional committee N-7 was 
organized in 1957 under the sponsorship of the Atomic Industrial 
Forum and the National Safety Council. It is under the direction 
of the American Standards Association ‘Nuclear Standards Board.” 

The scope given the N-7 Committee by the Nuclear Standards 
Board is as follows: 

Safety standards for the protection of persons employed in facilities associated 
with the production and utilization of fissionable material against the normal, 
routine hazards present in such facilities (facilities include mines, mills, refineries, 
separation plants, fuel element fabrication plants, critical assembly facilities, 
processing and reprocessing plants, working areas around nuclear reactors of all 
types, and transportation, and purification of “spent fuel elements’’ and gross 
fission products). 

To carry out the task of writing the standards for the nuclear 
energy field, as called for by the scope, six subcommittees have been 
organized, composed of individuals with technical competence and 
first-hand experience in that segment of the industry for which each 
subcommittee is responsible. To date subcommittees have been 
organized to write standards for the following facilities: 
Subcommittee: 

N-7.1—Uranium Mines and Mills (Concentrators). 
N-7.2—Uranium and Thorium Refineries. 

N-7.3—Isotope Separation Plants (Gaseous Diffusion Plants). 
N-7.4—Nuclear Fuel Fabrication Plants. 

N-7.5—Nuclear Reactors. 

N-7.6—Transportation of Radioactive Materials. 

Subcommittee N-7.1 under the chairmanship of Duncan A. Hola- 
day, sanitary engineering director, Occupational Health Field Station, 
Salt Lake City, Deh, has completed a standard for ‘Uranium Mines 
and Mills (Concentrators).”’ This standard has gone out to the N-7 
Committee for letter ballot. The returns are in and were unani- 
mously in favor of the standard. Some relatively small changes were 
suggested by some of the members when they sent in their baliois, 
which has resulted in some delay in having the sponsors forward the 
N-7.1 standard to the American Standards Association for determina- 
tion of the attainment of a concensus. It is expected that this will 
delay forwarding of the standard to the American Standards Associa- 
tion until about the middle of April. 

The remaining subcommittees are progressing steadily toward 
producing standards for their particular segment of the nuclear energy 
industry, as given by the N-7 scope. At the present time, N-7.4 
Subcommittee has progressed to the point of having a draft of a 
standard for ‘Reactor Fuel Fabrication Plants’ in a well-advanced 
state. It is expected that this will be presented to the N-7 committee 
for consideration within the next 30 days. 


173 











174 RADIATION PROTECTION CRITERIA AND STANDARDS 


TYPE OF STANDARD BEING WRITTEN 


The N-7 subcommittees have oe to avoid spelling out 
specific ways for accomplishing the health sics program in any of 
the facilities covered. They have followe the National Committee 
on Kadiation Protection Standards for ‘‘Permissible Levels of Radio- 
active Materials in ithe Working Room Air” and for the ‘External 
Radiation Dosages.” Methods of obtaining these goals are left up to 
those “skilled in the art of radiation protection” (health physics), in 
that it was not felt wise to freeze into a standard specific procedures 
for attaining these goals, at this stage of the development of the 
nuclear energy industry. Where it was felt the industry needed 
technical information it was given in appendixes. This is according 
to American Standards Association policy; Appendixes are not a part 
of the Standards. The method of approach to writing the American 
Standard for radiation protection in “Uranium Mines and Mills 
(Concentrators)”’ is indicated by the following major headings of 
subject matter: 

1. Scope. 

2. Definitions. 

3. Permissible Doses From External Radiation. 

4. Permissible Concentrations of Radioisotopes In Air. 
5. Other Hazards (toxic gases, silica dust, etc.). 

6. Management Responsibility. 

7. Medical Supervision. 

8. Protection Measures and Equipment. 

9. Transportation of Ores. 

The following appendixes have been given in the N-7.1 Standard, 
to provide information for the mine and mill operators: 

Appendix I: Suggested Procedure For Measuring External 
Radiation In Mines. 

Appendix If: Suggested Procedure For Measuring External 
Radiation In Mills. 

Appendix III: Uranium Concentrating Mills Survey Proce- 
dures (included in this is a recommended analytical procedure for 
uranium). 

Appendix IV: Suggested Procedure For Measuring Atmos- 
pheric Concentrations of Radon Daughters. 

Appendix V: Procedure For Obtaining Breath Radon Samples. 

Appendix VI: Ventilation of Uranium Mines. 

Inasmuch as the uranium mine and mill operators do not have 
trained health physicists on their payroll, the amount of information 
given in the appendixes of N-7.1 is greater, probably, than will be 
necessary for the other standards. 


RADON DAUGHTER CONCENTRATIONS IN URANIUM MINES 


The working level for radon daughters in uranium mines that has 
been used by the regulatory authorities in the Colorado Plateau States 
for the past several years is higher than the permissible level for radon 
plus daughters given by NCRP in NBS Handbook 69. (Many of the 
uranium mines have been working with radon daughter concentrations 
considerably in excess of the working level of 300 uuc/1. See Public 
Health Publication No. 494, “Control of Radon and Daughters in 
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Uranium Mines and Calculations on’ Biologic Effects.’”’) Neverthe- 
less, the N-7.1 Subcommittee has adhered to the 300 uuc/1 working 
level for radon daughters in the proposed ASA standard for uranium 
mines and mills (concentrators). 

It is planned to recommend to the ASA Nuclear Standards Board 
that the N-7.1 standard be adopted and immediately thrown into 
revision, to permit a change in the permissible radon ‘daughter con- 


centration in uranium mines, if biological evidence is forthcoming to 
substantiate the need for such a change. 
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[Excerpts from “How American Standards Are Developed and Approved’’] 
THE BASIC PRINCIPLES UNDERLYING ASA WORK 
(A Statement by the Board of Directors and the Standards Council) 


The ASA does not attempt to make decisions of industrial polic 
through its own administrative agencies (Board of Directors, Stand- 
ards Council, etc.). It provides the machinery (sectional committees, 
conferences, etc.) through which the industries themselves arrive at 
such decisions. In every case the facts regarding such decisions, and 
the procedure followed in reaching them, are made clearly available 
to all concerned. 

It follows as a corollary that the ASA takes up new projects only 
upon request, and only when such a request has sufficient industrial 
support to warrant the undertaking of the project, the facts, again, 
being available to all concerned. 

The converse corollary follows in precisely the same way, viz: that 
the ASA itself, on a basis of engineering or economic considerations, 
does not make specific negative decisions, for example, either against 
initiating a project, or for stopping a project already started. In such 
cases the responsibility before the public lies with the group or groups, 
through whose actions such decisions are reached. 

The functions of the Board and the Standards Council in all such 
matters are distinctly judicial ones. These functions have to be so 
scrupulously guarded and the record made so clear and precise that 
there can be no grounds for suspicion that the judicial processes of the 
ASA are being diverted to selfish ends by any group, or that they are 
being used as a screen by any party to a controversy. In fact, much 
of ASA procedure is so clearly of a judicial nature that it has to be 
carried out with all of the scrupulous care which is exercised in the best 
of our courts. It is important that the various groups and individuals 
having to do with the work of the Standards Council and of the Board 
clearly understand this fact. 

Ample machinery in the form of sectional committees, conferences, 
special committees, etc., is provided for the reconciliation of divergent 
views on technical matters, and for the resolution of technical contro- 
versies when they arise. Cooperating bodies and their representatives 
are under obligation to use this machinery for such questions, instead 
of attempting in any manner to introduce them into the judicial 
processes of the ASA. 

Furthermore, the functions of the ASA are limited to matters hav- 
ing to do with standardization. Hence, it may not be used in efforts 
to adjust extraneous questions arising between organizations. For 
example, the Procedure provides that matters of representation are to 
be determined simply upon the principle that “groups having a sub- 
stantial interest” in a standard “have an inherent right to represen- 
tation on the body dealing with the subject matter of the standard.” 
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These principles require thoroughgoing responsibility on the part of 
cooperating bodies and their representatives—responsibility in three 
senses, Viz: 

(a) Responsibility in representation. It is the duty of a rep- 
resentative (1) to keep sufficiently in touch with his organization 
so that he can correctly interpret its attitude in the development 
of the work and can participate in decisions in committees; (2) 
to keep his organization informed of developments; (3) to act as 
a leader in the formulation of the policies of his organization in 
regard to the matters with which he is dealing; and (4) to refer 
back to his organization questions upon which he feels unauthor- 
ized to speak for it. 

(6) Responsibility in the sense of carrying out with adminis- 
trative orderliness, competence, and with reasonable promptness, 
work for which responsibility has been assumed. 

(c) Responsibility before the world for the consequences of the 
acts of its authorized committees and representatives, scrupulous 
care being taken that no effort shall be made to shift this respon- 
sibility to the ASA. 


* * * * * * * 


PROCEDURE 
(With Amendments to November 15, 1950) 


{Established Pursuant to Section C7.3 of the ASA Constitution and Section B3.2 
of the ASA By-Laws] 


PART 1—GENERAL 


101. A national standard implies a consensus of those substantially 
concerned with its scope and provisions. An important function of 
the American Standards Association is the judicial one of determining 
whether a national consensus has been reached. To provide flexibility 
in meeting the variety of conditions which obtain in standardization 
work, several alternative methods are provided. The basic test to 
be applied in all cases is the fact of the assent, affirmatively expressed, 
of the groups having substantial concern with the standard. Such 
groups have an inherent right to representation on the body dealing 
with the subject-matter of the standard, but it is not essential that 
this right be exercised. 

102. Standards and revisions of standards may come before the 
American Standards Association for approval by any method that 
provides compliance with the requirements stated in Sec. 101. The 
following methods are recognized: 

(a) Sectional Committee Method. 

(6) Existing Standards Method. 

(c) General Acceptance Method. 

(d) Proprietary Method (applicable only to revisions of stand- 
ards which have been approved by the American Standards 
Association). 

The application of these methods is further qualified by Sec. 205. 

Standardization projects are undertaken by the Association only 
upon request. 
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At the time of approval of a standard developed under methods (5) 
or (ce) above, the Correlating Committee shall designate the method 
to be used for later revision. — 

103. A standard that is approved by the Association shall be called 
“American Standard’’, for example: ‘American Standard (Specifica- 
tions, Definitions, Practice, Code, Method of Test, Abbreviations, 
Operating Rules, or the like) for * * *” 

104. To safeguard the judicial character of its approval the Asso- 
ciation requires that the technical qualifications of a proposed standard 
coming before it for consideration be vouched for by one or more 
competent bodies. There are three types of such bodies: adminis- 
trative sponsors, endorsing sponsors, and proprietary sponsors, as 
provided in Parts 2 and 5. Such bodies need not be members of the 
Association. 

105. The Association shall be kept informed of the progress of the 
work by means of semi-annual reports. The responsibility for such 
—- shall lie with administrative sponsors, proprietary sponsors, 
officers of autonomous sectional committees and officers of conferences 
functioning under the General Acceptance Method. 

106. Sponsorship assignments are at any time subject to review or 
change by the Association. 

107. Exceptional situations which cannot be reconciled within the 
framework of the Procedure should be referred to the Standards 
Council for action. 

108. Notification of the submittal of a standard to the Association 
for approval shall be sent to members of Standards Council and the 
officers of Correlating Committees. 


PART 2—SECTIONAL COMMITTEE METHOD 


201. The Sectional Committee Method consists in the formation, 
at the beginning of a project, of a committee to develop one or more 
standards under an assigned scope. The committee is composed of 
representatives accredited for the purpose by the various organized 
groups concerned with the project, and in addition, specially qualified 
individuals as members-at-large when desirable. Membership in a 
sectional committee may also be in the name of the organization as 
such, no individual being designated as representative or alternate. 

202. The special utility of the Sectional Committee Method consists 
in the provision, in advance, of such representation that a consensus 
will be assured and self-evident when the members have approved 
their completed assignment. 

203. Sectional committees may be established under either of two 
systems of administrative control, as follows: 

(a) They may function under the administrative support and 
direction of one or more of the bodies principally concerned. 
such bodies are termed administrative sponsors. 

(6) They may function autonomously provided one or more 
responsible bodies recommend the initiation of the project and 
endorse the proposed standard. Such bodies are termed endors- 
ing sponsors and the committees are termed autonomous sectional 
committees. 

204. An administrative sponsor should make arrangements for the 


administrative work and provide the necessary facilities including 
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secretarial services, and shall provide the Association with copies of 
calls and minutes of all meetings of sectional committees, such copies 
of tentative drafts as may be-necessary to keep the Association in- 
formed of the progress of the work, and a copy of the ballot form sent 
to sectional committees on approval of the proposed standard. 

205. The Sectional Committee Method shall be used in any case in 
which a group, having, in the opinion of the Standards Council a 
substantial interest, so requests in writing. It shall also be used in 
cases where, in the opinion of the Council, the standard is intended to 
be used as mandatory rules of regulatory bodies having police powers. 

206. A sectional committee may assign its work in whole or in part 
to subcommittees not of its own membership, or even to entirely 
separate bodies or individuals, and may use applicable parts of other 
standards. It is essential that the completed work of a sectional 
committee shall be considered by all of its members and that their 
individual decisions shall be recorded and exhibited. 

207. Sectional committees shall be organized through cooperation 
between the administrative sponsor and the Association, or by the 
Association if the sectional committee is autonomous. 

208. Upon the organization of a sectional committee, and preferably 
before the initiation of its work, a list of its members shall be submitted 
to the Association for approval. This list shall show the organization 
which each member represents, the principal business connection of 
each member, and a classification of the members as indicated in 
Section 209(c) and 210. If changes in the membership occur the 
Association shall be notified and such changes shall be approved prior 
to the approval of the technical work of the committee by the 
Association. 


209. Approval of the personnel of sectional committees is based 
upon the following: 


Set the membership is competent and authoritative in 
its field. 

(b) That the membership is adequately representative of those 
substantially concerned with the proposed standard of standards, 
and that the individual members officially represent the bodies 
appointing them. 

(c) That an adequate balance exists between the general classi- 
fications of members as required in Section 210. 

210. Substantial balance with respect to interest shall exist between 
general classifications of members appropriate for the various types 
of standards, except in the case of sectional committee, dealing with 
standards of a scientific or non-commercial character. In obtaining 
substantial balance members shall be classified according to the busi- 
ness affiliation of the individuals, or if desired by the appointing 
organizations, according to the relation of the organization appointing 
them to the standardization project in question—all subject to the 
approval of the Association. 

The members of sectional committees dealing with specifications, 
dimensional standards, rating, methods of test, and the like shall be 
classified as producers, consumers, distributors, and general interests. 
Producers are those directly concerned in the production and sale of 
the commodity involved. Consumers are those who use the com- 
modity involved, but are not directly concerned with its production 
or sale. General interests include independent engineers, educators, 
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and persons who are neither consumers nor producers as defined 
above. No one classification shall have a majority save with the 
recorded assent of the other classifications. 

The members of sectional committees dealing with Safety Codes 
shall be in general classified as follows: 

(a) Manufacturers (makers of the equipment). 

(b) Employers (purchasers, owners of the equipment). 

(c) Employees. 

(d) Governmental bodies having regulatory power or influence 
over the field in question. 

(e) Independent specialists, such as representatives of tech- 
nical societies, consulting experts with no exclusive business 
affiliation, and educators. 

(f) Insurance representatives. 

Not more than one-third of the membership of a safety code sec- 
tional committee of the above type shall come Ord any one classifica- 
tion. 

Any sectional committee dealing with a subject for which either of 
the above classifications is not suitable may have a different classifica- 
tion subject to the approval of the Association. 

211. The final vote of a sectional committee on a proposed standard 
shall be by a written ballot or by an equivalent formal and definitely 
recorded method. Any individual appointed to represent more than 
one cooperating body upon a sectional committee shall cast one vote 
for each cooperating body which he represents. 

212. Sectional committees administered by sponsors shall report to 
the sponsor, and the sponsor shall report the proposed standard with 
the necessary exhibits, including the results of the sectional committee 
ballot, its own recommendation in the matter, and any other pertinent 
material, to the Association. If the sponsor does not recommend the 
approval of the proposed standard, it shall nevertheless report it to 
the Association with a statement giving its reasons for disapproval; in 
this situation one or more of the other cooperating bodies represented 
on the sectional committee may offer the proposed standard for ap- 
proval on their own behalf and the matter shall be investigated and 
decided upon grounds within the jurisdiction of the Association. 

213. In the case of autonomous sectional committees, all of the 
exhibits required of administrative sponsors (Section 212) shall be 
supplied for like consideration, together with the recommendation of 
one or more endorsing sponsors. 

214. After a sectional committee of the administrative type has 
rendered its report and the standard has been approved by the Associa- 
tion, the committee may be continued or discharged at the discretion 
of the sponsor. 

215. A revision of a standard by a sectional committee may be 
initiated at any time at the discretion of its sponsor, or in the case of a 
standard developed by an autonomous sectional committee, upon the 
request of any responsible body substantially concerned. 

216. Any responsible body may request the Association to take up 
the question of the revision of any standard. 
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PART 3—EXISTING STANDARDS METHOD 


301. A standard of another organization may be submitted for 
approval by any responsible body, and may be approved by the Associ- 
ation without having gone through any of the other recognized chan- 
nels for developing standards, provided it is shown that the proposed 
standard is supported by the necessary consensus of those substantially 
concerned with its scope and provisions. 

302. Approval of a proposed standard by the Association will be 
based upon consideration of the following: 

(a) Acceptance by those substantially concerned with its scope 
and provisions. 

(6) History. 

(ec) Method by which it was formulated. 

(d) Extent of its use. 

(e) Relation to other projects in its field. 

The exhibits submitted with the proposed standard should give 
complete information on these matters; otherwise, the Association 
shall make the necessary investigation. 

303. Stricken out by amendment adopted January 18, 1949. 


PART 4—GENERAL ACCEPTANCE METHOD 


401. The General Acceptance Method is recognized as a suitable 
method for producing national standards by the sole means of a con- 
ference of those substantially concerned, supplemented by a sufficiently 
large number of written acceptances of the conference recommenda: 
tion from those substantially concerned with the scope and provisions 
of the recommendation. It is intended for simple projects and for 
cases in which the organization of a sectional committee is judged! 
by the Association to be unnecessary. 

402. If a project proposed by a responsible body is approved by 
the Association, a conference shall be organized among those know: 
to be substantially concerned. This conference, or its committee 
shall survey the field, enlarge the conference if required, and formulat: 
the proposed standard. 

403. The proposed standard as finally recommended by the con- 
ference shall be presented to all groups substantially concerned with 
its scope and provisions, for the written acceptance of these groups. 

404. If the written acceptances show that a consensus has beer. 
reached, the proposed standard shall be submitted to the Association 
for approval. 

PART 5—PROPRIETARY METHOD 


501. After a standard has been approved by the Association, any 
responsible body having a position of pre-eminent importance in the 
field of the standard may be designated for the development of re- 
visions of the standard within its own organization, such revisions 
to be submitted to the Association for approval. This method of 
operation is termed the Proprietary Method, and is applicable only 
for the revision of standards. The body undertaking the responsibility 
for such revisions is termed a proprietary sponsor. 
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502. Approval of the revision of a standard under the Proprietary 
Method will be based upon consideration of the following: 
(a) Evidence of the acceptance of the revision of the standard 
by those substantially concerned with its scope and provisions. 
(b) Method by which the revision was formulated. 
(c) Observance by the sponsor of the requirements for repre- 
sentation and assent as stated in Section 101. 

The exhibits submitted with the revised standard should give com- 
plete information on these matters; otherwise, the Association shall 
make necessary investigation. 

503. Stricken out by amendment adopted January 18, 1949. 

504. It is desirable that a revision of a standard approved by the 
Association shall not be published as a standard of the proprietary 
sponsor in advance of the approval of the revision by the Association. 
Proposed revisions of standards should be promptly submitted to the 
Association in order that approval by the Association may coincide 
in time, as closely as may be practicable, with their adoption by the 
sponsor. 

505. Adoption and promulgation of revisions of approved stand- 
ards by the sponsor without notice to the Association and submission 
of the revisions to the Association for approval shall automatically 
cancel the approval of the standards previously approved by the 
Association. 


PART 6—RESPONSIBILITIES OF COOPERATING BODIES AND THEIR 
REPRESENTATIVES 


601. It is the duty of a representative of a cooperating body to 
keep his organization informed of developments and to act as a leader 
in the formulation of the policies of his organization with respect to 
the project. He will then be better able to interpret the attitude of 
the organization he represents toward the development of the project 
and to participate in decisions of the committee. He should refer 
questions upon which he feels unauthorized to speak back to his 
organization for decision. 

602. It is the duty of a cooperating body to perform the work 
assigned to it with orderliness, competence, and reasonable prompt- 
ness, and to assume responsibility for the acts of its representatives. 

603. It is the responsibility of cooperating bodies and their repre- 
sentatives to return letter ballots of sectional committees, and accept- 
ance canvasses taken under the Proprietary and General Acceptance 
Methods at the earliest possible date and in any case not later than 
six months after the date of the ballot or canvass. If in the opinion 
of the sponsor additional efforts should be made to secure a further 
degree of acceptance of the proposed standard, the facts should be 
reported to the Association in order that it may grant an extension 
of time to obtain the desired acceptance or in order that the Associa- 
tion may render the sponsor such assistance as may seem desirable. 
In all cases the sponsor should submit the proposed standard to the 
Association for approval, together with its own recommendations, at 
the earliest possible date. 

If, in the opinion of one or more cooperating bodies represented on 
a sectional committee, the sponsor has unduly delayed submittin 
a standard to the Association, they may offer the proposed standar 
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for approval on their own behalf, and the matter shall be investigated 
and decided upon grounds within the jurisdiction of the Association. 

604. Any cooperating body, or individual, serving as a member 
of a sectional committee, or from which an acceptance of a proposed 
standard or revision of a standard has been requested under the Pro- 
prietary or General Acceptance Methods, shall, if voting in the nega- 
tive, accompany such votes with a statement of the reasons for the 
action taken. This information shall become part of the exhibit 
which sponsors, officers of autonomous sectional committees, and 
officers of conferences functioning under the General Acceptance 
Method furnish the Association when standards are submitted for 
approval. 

605. Any cooperating body or individual having filed a negative 
vote with reasons in writing in accordance with Section 604, may 
request a review of its objections. Upon receipt of such request, 
the Association shall investigate the case by means of a committee 
of inquiry or otherwise. 


PART 7—PUBLICATION OF STANDARDS 


701. It is generally desirable that proposed standards and extensive 
or important proposed changes in standards be issued for a definite 
period of trial, of criticism, or both. Such circulation should be 
prior to the formal submission for approval by the Association and 
under a caption indicating its status. For example: 

Proposed American Standard (Specification, Dimensions, Safety Code, or the 
like) for * * * Prepared under the auspices and procedure of the American 
Standards Association, and issued for a six months’ period of trial and criticism. 

702. Standards developed under sponsorship procedure may be 
printed in the publications of the sponsor. Such publication should 
be under the title as approved by the Association in accordance with 
Section 103, and over the statement ‘Approved by the American 
Standards Association’. The date of approval by the Association 
and the designating number assigned by the Association shall be given. 
Standards shall not be released prior to such publication by the 
sponsor. The right to publish may be granted to any publisher other 
than the Association under the rules governing the publications 
of the sponsor. 

The Association reserves the right to provide for the publication in 

uniform style of any or all standards which it has approved. 
_ It is requested that cooperating bodies do not use the term “‘Amer- 
ican Standard” in their publications except in connection with a 
standard that has received the approval of the American Standards 
Association as such. 
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PART 8—AMENDMENTS 


-—- OFM we we wits. t as i i 
a gNERR EERE NET A ELT EIT BT TT TT TIT LEI EY AC TT TS 


" 801. Amendments to this procedure may be proposed in writing at 
. any meeting of the Standards Council of the Association. Upon 
t majority vote they shall be ordered to letter ballot and shall become 

Operative upon affirmative vote of at least three-fourths of the 
Standards Council. 








STATEMENT OF MR. DUNCAN HOLADAY 
Bureau of State Services, U.S. Public Health Service 


This statement will be cenfined to a discussion of radiation 
protection standards for occupational exposures to rediation as this 
is the specific field im which I have had experiance, The principles 
governing the development and use of radiation pretection stendards in 
industry, however, ere similar in some respects to those used fer non 
occupational expesures, 

The basic Biological concepts underlying the present maxinun 
permissible deses and maximum acceptable concentrations were thoroughly 
discussed by Dr. Lauriston Tayler in his testineny during the 1959 
JeCoAcE. hearings on employes radiation hasards and wrkmen’s compensation 
and his statements fer the record, These sumarise cur knowledge ef the 
biclegieal effect of radiation and discuss the philosophy whieh permits 
establishing e maximum permissible dese, even though exposure to any 
quantity of radiation may be deleterious, This concept is se basic 
to the control ef eceupational radiatim exposures that I shall quote 
from the abstract ef Dr. Tayler's lecture on “Radiation Exposure As A 
Reasonable Caleulated Risk.#‘2) 

“Maximum permissible exposures fer radiation workers have been 
based, im the main, on levels that would not produce detectable injury 
to any individual, The impossibility of cerrelating radiation effects 
with aeall rediation exposures makes it impractical to use this criteria 
indefinitely. It must be assumed that there is some undesirable effect 
from radiation exposures, even though these are not specifically detectable. 
We are thus confronted with the necessity of accepting some risk dus te 


a a ye ee Ie me fh 


radiation exposure, ever though this risk cannet be specifically defined, 
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The addition of a risk philosophy in the estebliahmat of radiation 
protection standards and the acceptance of occupational exposure becomes 
a necessity if we are to continue the proper exploitation of radiation 

as @ servent to man.* 

The concept that there must be an acceptance of some small risk 
in occupational exposures te radiation is similar te that used in 
developing maximum acceptable concetrations for occupational exposures 
to toxic materials, For example, the 1959 report of the American 
Confermce of Governmental Industrial Hygiemists Committee on Threshold 
Limits states, “Threshold limits should be used as guides in the control 
of health hasards and should not be regarded as fine lines between safe 
and dangerous comditionae They represent conditions under which it is 
believed that nearly all workers may be repeatedly exposed, day after 
day, without adverse effect." These statements indicate that there is 
some hasard involved in exposure to toxic materials whether er not tha 
are radioactive, and that it is unrealistic to believe that unqualifiedly 
“safe* maximum acceptable concentrations will ever be established, 

Whenever possible, MAC values for taxic materials are derived 
from the results of human experience, Epidemiological data on radio- 
active elements are very limited indeed and such as are available apply 
only to radium and a few other natural radioactive mterials, In this 
situation practically all the MAC values for radiation exposures are 
derived by extrapolation from animal experiments; information on the 
biological behavior of the various elements; and by analogy, A parallel 
situation exists with many toxic chemicals which are used in industry 
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in that buman experience is not available and so MAC values have been 
established which are based on animal experiments or are developed by 
analogy with the action of similar compounds, 

With all the uncertainties that are inherert in any table of 
MAC values, one might ask of what value is such a list of numbers and 
what use can be made of it. This question was thoroughly considered 
in a aymposium on threshold limits which was reported in the Industrial 
Hygiene Quarterlys‘*) ‘this discussion can be applied directly to MAC 
values for radioactive elements and I will summarize the pertinent 
points, Maximum acceptable concentrations are an essential tool for 
the protection of the worker, as they represent a consensus of the 
best scientific opinion available, They prevent the development of 
the chaos that would result if each investigator had to rely on his 
ow relatively limited experience and background, For governmental 
and official agencies who must visit many different operations in a 
year they serve as a screening device to select those places which 
should receive further detailed study, For such use, the screening 
tool need not be highly accurate, The staffs of official agencies are 
inclined to be too strict rather than too lenient and will usually attempt 
to study all operations where the threshold limits are exceeded, For 
private industrial purposes, the MAC values serve as engineering bench 
marks, Where these values are used as a basis for the design of control 
procedures, they can be used with confidence as the usual engineering 
factors of safety are included in such specifications, For example, 


no industrial hygienist would specify a ventilation system that would 
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collect only enough of the dust to maintain the atmospheric concentration 
at the MAC. His aim would be to maintain the concentrations, well below 
the recommended MAC. 

The above lists some of the many uses of MAC values, Unfortunately, 
there are many misconceptions of these values and misuses of tables, 
whether they are published by the Threshold Limits Committee of the 
AcCeGelIeHe or by the National Committee on Radiation Protection, Both 
of these groups emphasise that the numbers represent recommendations 
which should be used as guide lines; that they do not represent fine 
lines of demarcation between safe and dangerous conditions; that they 
should not be embodied in legal codes or regulations; and that they 
should only be used by experts in the field who are capable of evalu- 
ating and assessing all the factors involved in any particular situation, 
When these precepts are not followed, the only result is confusion and 
controversy. 

Perhaps some examples showing how MAC values are used in practice 
will illustrate my discussion, The Nuclear Standards Board of the 
American Standards Association has under consideration an American 
Standard for uranium mines and concentrators. This document was pre- 
pared by representatives of industry, state governments, insurance 
companies, and the Federal government, who together represented many 
years of experience in this field, It details a series of recommen- 
dations which, if followed, should protect the health of the workers 


without setting up unnecessarily restrictive criterias 
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Much of the standard is taken up with recommendations for inter 
preting the National Committee on Radiation Protection's MAC values for 
the elements of interest. In concentrators, it is recommended that 
time-weighted average of the atmospheric concentrations of air-barne 
dust over a period of 13 weeks be used to estimate the worker's exposures, 
This period was selected primarily for administrative convenience and 
not because of any particular virtue inherent in it, As methods of air 
saupling and survey procedures can seriously affect the values obtained, 
suggested methods and procedures were given. Parenthetically, I might 
comment that the correct deterwination of a time-weighted average atmos- 
pheric concentration is a time-consuming task that requires skill and 
experience, 

After the weighted average concentrations are determined, decisions 
must be made concerning the meaning and use of these numbers, With nothing 
but the NCRP figures with which to compare the results of plant surveys, 
different interpretations would be made by different individuals, and 
therefore a series of recommendations are made detailing actions that 
should be taken, To illustrate this point, the etire sub-section is 
quoted: 

"Controlled condition. If the l13~week weighted average exposure 
of the workers is below the MPC, the condition may be considered to be 
controlled and no action is necessary, 

"Partially Controlled Condition, If the l3—sweek weighted average 
exposure of the workers exceeds the MPC but is less than Sve this 
value, corrective action shall be initiated, 
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"Unsatisfactory Condition. If the lj~week weighted average 
exposure of the workers exceeds 5 times the MPC, immediate action shall 
be taken to reduce the worker's exposure and correct the condition,.* 

This section of the standard is an example of a proper use of 
NCRP recommendations, It recognizes that the MPC values do not by 
themselves define safe or dangerous conditions, but that there are 
varying degrees of exposure to radioactive materials and that different 
actions should be taken depending upon the conditions existing in each 
individual situation, These recommendations also infer that, in situations 
where the atmospheric concentrations vary, individual air samples, or even 
a limited number of air samples, are of dubious value in defining e 
worker's exposure, This subject is discussed more completely in other 
sections of the standard and appendices, 

A similar approach is used in the recommendations for controlling 
exposure to radon daughters in mine atmosphere, One important difference 
is that considerable reliance is placed upon the results of single air 
samples in determining what control actions should be taken and the 
urgency of such actions, This difference is due to the fact that in 
mine atmospheres the concentration of a gas in any single working area 
depends primarily upon the ventilation conditions wich usually do not 
change from day to day, Therefore, single samples are reasonably 
representative of average conditions and may be used to evaluate the 
situation, Again, this partioular section shows that the relationship 
between an MPC value and the concentration found by an atmospheric 
sample is only one of the factors which must be considered in deciding 


whether corrective action should be taken and if so what type of action. 
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Tt must be kept in mind that MAC values for radioactive elements 
are all derived numbers, The basic value for each element is the maximum 
permissible body burden listed by the NCRP from which the MAC for air 
or water is obtained by calculation, The primary reason, then, for 
instituting control procedures in industrial operations is to prevent 
the workers from accumulating an amount of toxic material that might be 
injurious, Air sampling programs are conducted to obtain data which 
will permit estimates to be made of the effectiveness of the control 
methods which are in use, mt sven the best procedures will not obtain 
sufficient information to permit calculation of body burdens, fhere-~ 
fore, it is unwise to rely only upon plant surveys as a means of 
determining the effectiveness of controls, 

The American Standard recognizes this situation by recommending 
that bioassays be done on those m@ who work in dusty areas, (linfortunately, 
body burdens of natural uranium cannot be measured directly at this time.) 
The recosmendation states that the urinary uranium excretion shall be 
determined annually, prior to the worker's return from vacation, to 
estimate the uranium body burden, After consideration of the available 
data on uranium excretion a concetration of 200 micrograms of uranium 
per liter in a sample obtained after a minimum of 8 hours away from 
the plant was selected as an index point. An individual excreting more 
than this amount of uranium may have retained sufficient to be of 
biological significance, If we had as much knowledge of the biological 
meaning of urinary uranium conce@mtrations as we do of urinary values, 
much more definite statements could be made, At present we must use 


what information is available to select bench markss 
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A well-conducted radiation protection program, then, involves 
the use of the different available tools which can serve as checks upon 
the entire situation and upon each other, While a great deal of public 
emphasis is placed upon MAC values, there are other approaches which 
can be used to detect serious discrepancies in these numbers and to 
indicate failures in control procedures, Tims, even though many of 
our present guide lines are not as accurate as we would like them 
to be, we do have other means of locating possibly troublesome areas, 

In summary, tables of MAC values are an indispensable tool in 
the field of radiation protection, They assist in the design of control 
equipment and operational procedures and serve as a check on the effective- 
nets of such measures, They are recommendations based on the best infor~ 
mation available and should be considered as such. They should not be 
allowed or assisted to enter into legal regulatory codes as the sole 
definition of a satisfactory or unsatisfactory condition and should be 
interpreted only by those who are capable of evaluating all of the factors 
which may be present in any situation, No handy list of numbers can be 
expected to take the place of human judgment exercised by a trained and 


perceptive observer. 


Refer ences: 


(1) Taylor, Lauriston S., Hearings on Baployee Radiation Hazards and 
Worknen's Compensation, page 20, 1959. 


(2) = py on Threshold Limits, A.IoH.A. Quarterly, 17:273=297, 
1956, 
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PROGRESS _IN_RADLATION CONTROL 
IN URANIUM MINES AND MILLS 


by R. G. Beverly 
Union Carbide Nuclear Co., Graad Junction, Colorado 


For presentation at the 
National Western Mining and Energy Conference 
Denver, Colorado - April 22, 1960 


During 1950 and 1951 the U. S. Public Health Service conducted early 
surveys in a few of the Colorado uranium mines and mills then in opera- 
tion, The protection of the health of employees working in the uranium 
mills prompted private industries to start their own studies during 1952 
and 1953. These consisted of surveys of the areas in the mills where 
higher sirborne dust concentrations existed, external radiation surveys 
and analyses of mill effluents. There were few guides to go by during 
this period but with the issuance of Handbook 52 in 1953 and Handbook 59 
the following year, some recommended maximum levels were established. 
Over the next few years the uranium industry saw a large expansion with 
emphasis placed on exploration for new ore bodies and production of 
uranium concentrate. It was unfortunate that regulations were not more 
firmly established at this time so equipment and procedures for radiation 
control could have been incorporated in the new mills being built and in 
the expansion of the existing mills. In January of 1957 Title 10, Part 
20 of the Federal Register was issued by the AEC establishing control 
regulations and maximum permissible limits which the industry is follow- 
ing to date. The year of 1958 might be called the year of awareness 
because at this time the milling industry became aware of the importance 
of the regulations and initiated a much broader program for the control 
of potential radiation hazards. The progress in this field has largely 
come about during the past two years. 


Radiation 


Radiation as it concerns the uranium industry can be divided largely into 
two classes, external radiation and internal radiation. By external rad- 
iation we mean the exposure which can be received by a person from ore 
bodies within mines, stockpiles of ore, yellow cake concentrate and the 
possible accumulation of radioactive materiales within a mill. With only 
very few exceptions there is not a large enough nor concentrated enough 
source of radioactive energy in uranium mines or mills that external 
radiation can be considered to be of any consequence. 


By internal radiation we mean radiation from radioactive material which 
may be taken into the body through air, food, water, cuts or even 
through the pores of the skin. Airborne dusts have been the largest 
problem in the mills. Areas of most concern have been those in crushing 
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and sampling plants, storage bins, yellow cake areas and in sample buck- 
ing rooms. Radon daughters have presented the biggest problem in the 
mines. In both mining and milling we are concerned also with food con- 
tamination, smoking, eating and drinking water as they may affect internal 
radiation, Off-site radiation areas have also been of concern to the 
industry. The effects of stack effluents and wind-borne ore and tailings 
as they affect the air along with the possible effect from liquid effluents 
on domestic water supplies are being studied. 


Mines 


Let us look now at what has been done in the industry toward the surveys 
and the control of these potential problems. From the results of film 
badge programs and scintillation surveys in the uranium mines, it appears 
that external radiation presents no problem. The measurement and control 
of the gas, radon, and the accompanying radon daughters have been under 
study in the Colorado Plateau for a number of years. From mining opera- 
tions in other countries there has come a large amount of background 
information which has been useful to our domestic industry. The U. S. 
Public Health Service and the U. S. Bureau of Mines in cooperation with 
several of the very early mining companies such as VCA and Union Carbide 
pioneered studies in the early ‘50's in many mines in the Colorado 
Plateau, 


Today all major mining producers are frequently sampling working areas 

in the mines for determination of the radon daughters. The answer to 

the problem, of course, is large air dilution st the working face. This 
has resulted in ventilation improvements in most of the mines. A variety 
of methods are used to improve ventilation such as bratticing off old 
working areas, utilizing natural ventilation to its best advantage, in- 
stalling large ventilation fans and secondary fans and installing vent 
tubes for air distribution. This has created some problems in the mining 
industry. We see a lot more cross cuts and drifts in waste strictly for 
ventilation control. In the wintertime the blasts of cold air often 
create uncomfortable working conditions for miners. As one mine operator 
put it recently, our problem now is the danger of pneumonia rather than 
radon daughters. 


Dust control is also a consideration in mines although this is not 
apparently serious in most of the mines. However, respirators have been 
furnished by several mining companies to their miners as an added safety 
precaution, 


Mills 


We have seen great strides during the past few years in uranium mills 
on radiation control programs. As to external radiation, nearly all mills 
today make frequent surveys with scintillation counters and in most cases 
also incorporate film badge programs to evaluate the external radiation. 
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As mentioned previously, there appears to be no serious problem. There 

is just no high source of radiation. We must be watchful, however, for 

the accumulation of daughter products of uranium within milling processes 
and mill equipment. In some mills it appears that it may be necessary to 
film badge a few employees continuously. These are apt to be those workers 
in the yellow cake areas and the film badging would be required due to the 
Part 20 regulation which requires continuous monitoring of anyone exceeding 
25% of the maximum recommended dose. One common procedure in the industry 
is to film badge a representative group of employees at least once a year. 


Regarding internal radiation in the mills, the measurement and control 

of airborne uranium dust and airborne concentrate has been the biggest 
problem and the one in which we have seen the greatest advancement over 

the past two years. Almost all mills have carried out and are continuing 
extensive dust survey programs. Air sampling is done in all mill areas 
but emphasis is placed on those areas of higher airborne concentration 
until such time as conditions have been lowered below the recommended 
working level. The frequency of these surveys varies; they are made 
weekly, monthly and quarterly. They have consisted of general air samples, 
breathing zone samples and continuous semples. High and low volume samplers 
have been used, continuous tape samplers, sequential samplers and impinger 
type equipment. Normally uranium analyses are made on the filter pads 

but some mills have done alpha counting and compared these results with 
chemical analyses. One mill is even installing an electric eye dust 
detector which graphs the dust conditions in the crushing plant and rings 
an alarm when the dust level exceeds a certain point. 


Exhaustive time studies have been made to determine where the employee 
spends his time. These studies along with the air samples permit calcu- 
lation of an individual's weighted exposure to airborne uranium concentrations. 
Some mille, particularly during the time when they were installing and 
improving dust collection equipment went to the rotation of operators to 
insure no one was exposed to high dust levels. Most mills require their 
operators to wear dust respirators in operations such as barrelling and 
sempling yellow cake. It is recognized that dust respirators are not 

the long range answer to the problem but they do provide additional pro- 
tection to the worker as long as they are properly worn and maintained. 
Urine analyses programs have been useful in many mills but are not too 
common largely due to the disagreement in the interpretation of the results 
and the establishment of a reference level. 


To maintain low levels of airborne dust the mills have spent large sums 
on extensive dust collection equipment, scrubbers, vacuum systems for 
clean-up, and have initiated maintenance programs to assure continued 
high efficiencies of collection. Today most mills are in reasonably 
good shape in the control of airborne material. The yellow cake handling 
areas still require and will continue to require constant surveillance. 
Many mills heve gone to complete enclosure of these areas to permit 
better control of the dust and to stop circulation of the concentrate 
dust into other mill areas. 
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To control internal radiation with regard to intake to the body through 
food and water most mills have established regulations on eating, smoking, 
and storage of food in certain areas of higher airborne concentration. 
Educational programs on the encouragement of personal hygiene have been 

a vital part of the program. 


Off-Site Protection 


It is not enough to keep your own house clean but we must be sure the 
neighbor's yard is not affected by our operations. The protection of 

people living in off-site ereas or residential quarters within mill 

areas must also be insured. Very restrictive specifications for unres-~- 
tricted areas insure the absolute protection of the population. Here is the 
case of safety factors being multiplied by safety factors. The remote 
locations of many mills often eliminates any off-site problems. 


The very large volumes of tailings solids and liquid effluents which are 
at a relatively low level of radioactivity, coupled with the remote area 
and small population centers have made waste disposal quite a different 
operation than is found throughout the rest of the atomic energy industry. 
Approximately two thirds of the mills are not on rivers or running streams, 
Only about one third discharge liquid effluents into rivers or streams and 
some of these only intermittently. Common procedure in the industry is 

to contain or impound all of the solid tailings material in a tailings pond. 
Liquid effluents may evaporate or seep into the ground or, in some cases, 
be discharged into rivers. Of prime concern in the latter case is the 
concentration of the radium and uranium. Thorium may also need to be 
evaluated but its significance and maximum permissible concentration are 
still under discussion. Uranium in liquid effluents is usually well below 
the recommended levels. Improved metallurgy in the mill is required and 
will prove economically worthwhile if the uranium approaches the maximum 
recommended levels. Radium concentrations in liquid effluents vary great- 
ly. The determination of radium has presented quite an analytical problem. 
About six mills are now running their own radium assays and government 
sponsored work has added greatly in recent months toward the development 

of dependable and practical radium analytical methods. 


In most cases where liquid effluents are discharged to rivers, the large 
dilution even in low water periods results in the radium being undetectable 
in the river by analytical methods now in use. In these cases the amount 
of radium added is much lees than the background level of radium naturally 
found in the rivers and streams. Where dilution factors are low the mills 
have incorporated effluent treatment processes, usually using barium 
chemicals to reduce the concentration of radium in the effluents. 


To evaluate the effect from stack effluents and wind-borne material, mills 
which are near towns or living quarters carry out a monitoring program by 
which the air is sampled and analyzed for uranium content at various 
locations surrounding the mill area. To my knowledge there has been no 
problem brought out by these surveys. 
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Records 


The entire radiation program has required the keeping of detailed: records. 
Sampling data, laboratory analyses, film badge results and calculated 
exposures are usually recorded on proper forms for use’ by the mill and 
for inspection by the AEC. Some mills have found graphical presentations 
useful. Some companies file individual data with personnel files for 
possible future use. Most mills have at least one full time man on the 
job for performing the surveys and doing the record keeping. The pre- 
servation of all records is considered good practice. 


The Future 


Well, where do we go from here? It appears in most mills we are now over 
the hump. The potential problems were established, corrective measures 
were taken and follow-up surveys have shown things are in reasonably good 
shape. Methods of surveys and record keeping have been established. It 
appears that increased effort in measurement and control of the radon 
daughters in underground mines will be required. It will be necessary to 
continue to evaluate certain areas in mills for airborne dust. 


The progress over the past two years in radiation control work indicates 

the industry is capable of policeing itself and the immediate environment 

to insure the protection of the health of employees and adjacent populations. 
By thoughtful administration, continued surviellance and additional corrective 
action when required, radiation control in the uranium mining and milling 
industry should become a routine function with the accompanying assurance 

that the health of employees is protected. 
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STATEMENT OUTLINING THE FOOD AND DRUG ADMIN- 
ISTRATION’S TECHNICAL RADIATION PROTECTION 
POSTURE 


(By Epwin P. Laue, Division or PHarmaco.iocy, U.S. Foop anp 
Drua ADMINISTRATION) 


BACKGROUND 


The potential impact of radiation hazards on the population through 
contamination of foods and drugs was recognized early by the Food 
and Drug Administration. It also became very clear that the exercise 
of intelligent action in this field would require the defining of such 
hazards as completely as possible both qualitatively and quantita- 
tively. The first efforts were concerned chiefly with civil defense 
aspects. In 1953 the Administration conducted field studies on drugs, 
exposed to radiation at the Nevada test site. This was followed in 
1955 by an extensive study of many different kinds of food both raw 
and processed. In this program the Administration collaborated 
with a number of food processing and food container industries as 
well as the Department of Agriculture. Again in 1957 many of these 
studies were repeated with emphasis on fallout and decontamination. 
Some of the sobering yet obvious conclusions of these field studies 
was that all peacetime rules for control of, and protection against 
radiation would be ‘off’ in case of nuclear attack. Nevertheless 
these ‘“‘accelerated’”’ field tests did serve to illuminate many of the 
peacetime problems of radiation. To name a few, there are industrial 
power reactors, their routine control and the possibilities of accidental 
dispersal of radioactive material through containment failure, and 
last but not least the ever present fallout from past weapon tests. 
With respect to the latter, the Administration embarked in 1957 on 
a program to develop radiation protection applicable to the total 
population. 

PRESENT PROGRAM 


We believe that surveillance of foods and drugs for radioactive 
contamination must serve as the basis for any corrective or regulatory 
program. ‘The importance of surveillance lies not just in determining 
the radioactive burden of certain foods in certain areas, but to obtain 
a broad picture of contamination of the total diet. Surveillance of 
course is not static, it must continue in time and be repeated regionally 
in order to fix changes or trends. It is important for example to know 
whether radioactive contamination in the total diet and in individual 
items is increasing or decreasing and at what rate. Armed with such 
information it is then possible to anticipate undesirable situations and 
to suggest possible corrections before regulatory action becomes 
necessary. 

In connection with surveillance for radioactivity in the national 
food supply we initiated a study in 1957 designed to furnish us with 
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“base line’? data against which future surveillance data could be 
compared. With the help of numerous food processing companies and 
pasate consumers throughout the country, the Administration assem- 

led and analyzed for total radioactivity about 1,000 samples of pre- 
1945 foods, i.e., foods produced before the advent of the atomic age, 
and hence devoid of any manmade radioactivity. Since then we have 
examined about 6,000 samples of 50 different raw and processed foods 
produced after 1945. Among these have also been some animal fod- 
ders. The Administration is concerning itself also with surveys of the 
environs of nuclear reactors and facilities. The latter are still in a 
planning stage. 

The analytical techniques used to date for the surveillance studies 
on foods have been relatively simple. Only total radioactivity 
(exclusive of potassium 40) is determined. It includes such important 
radioactive isotopes as strontium 90 and cesium 137, but without 
characterizing them individually. These analyses while not nearly 
as refined and sensitive as those used for measuring individual isotopes 
do have the advantage that they can be made in large numbers and 
in @ minimum of time. Hence, they can be used as a screening device 
for pointing out those foods which by reason of their high total radio- 
activity may be expected to contain also significant percentages of the 
dangerous contaminants such as strontium 90 or cesium 137. This 
fact has now been confirmed; all future surveillance studies will be 
based on the isolation and analyses for individual isotopes such as 
those mentioned, and others considered important in the contamina- 
tion of food. It may be of interest to mention that the preliminary 
survey on foods has indicated the following correlations: low total 
radioactivity with low strontium 90 content: sugar and sugar products, 
most fruits, meat products, eggs; high total radioactivity with high 
strontium 90 content: tea leaves, wheat, leafy vegetables, such as 
spinach, dairy products, chiefly dried milk and cheese, certain seafoods, 
animal fodders such as alfalfa and ensilages. It should be emphasized 
that to date no cases have been found where the contamination has 
been considered high enough to require regulatory action. 


STANDARDS OR TOLERANCES 


Having broadly defined those segments of the food chain that may 
become Saitek demeee spots, it seems appropriate to examine the 
device of the tolerance or standard that could be developed to dis- 
criminate between ‘harmful’ and “safe’’ levels of radioactivity in 
any food. The Food, Drug, and Cosmetic Act gives us authority to 
issue regulations limiting the quantity of unavoidable radioactivity 
in food (i.e. fallout) to the extent necessary for protection of the 
public health. There are m.p.c. values (maximum permissible con- 
centrations) for nearly all of the important natural and man-made 
radioactive elements. These were first developed by NCRP (National 
Committee on Radiation Protection) and ICRP (International Com- 
mission on Radiation Protection) for protecting the industrial worker, 
and later by the use of a suggested factor, extended to the total 
population. These values are really only guidelines and not hard 
numbers that give meaningful and sharp discrimination between 
“harmful” and “safe.” If we may consider the example of strontium 
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90, for which a “maximum permissible concentration” of 33 uuc per 
kilogram of food has recently been suggested as applicable to the total 
population, this means that all food and water containing this con- 
centration of the isotope would have to be consumed daily for a period 
of 50 years before enough could be accumulated in the bones of an 
individual to become potentially harmful. 

Independent action by the Administration to establish radiation 
protection standards is not contemplated nor even feasible in its 
present state of competence in this field. It is in fact a problem that 
no single Government agency could be expected to solve author- 
itatively, even if it were able. The Federal Radiation Council was 
created with the express purpose of advising the President in the 
promulgation of uniform basic standards or guidelines. Basic 
standards or guidelines are not directly applicable to practical situa- 
tions that arise from contamination of a foodstuff and the resultant 
control actions that may be indicated: such problems must be ap- 
proached through an operational tolerance, which must be derived 
from the basic standard. In this area the Food and Drug Adminis- 
tration has the know-how and the mechanisms. However, because 
these operational standards concepts are new and as yet untried, the 
Administration expects to rely on technical assistance from the 
Federal Radiation Council and other groups that it frequently 
consults. 

We should recognize that contamination by radioactivity has now 
become universal, and has a much broader impact on the food chain 
than do any others. Fortunately the magnitude of contamination 
found so far has not shown the need for regulatory action. It seems 
logical, however, to anticipate possible danger levels in segments of 
our food supply by a system of adequate surveillance. Forewarned, 
a series of corrective actions rather than regulatory actions could 
then be applied for lowering the concentration of the contaminant by 
(1) removal, (2) changes in ecological practices and (3) modification 
of manufacturing practices. Experiments in this direction have 
already shown the feasibility of ridding milk of strontium 90. Much 
more needs to be done along these lines. Historically the Food and 
Drug Administration has assumed the role many times in pioneering 
methods for decontamination, and we feel that the challenge in this 
area is greater than ever before. 
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DISCUSSION SUBMITTED BY DR. G. FAILLA, DIRECTOR, 
RADIOLOGICAL RESEARCH LABORATORY, COLLEGE 
OF PHYSICIANS AND SURGEONS, COLUMBIA UNIVER- 
SITY 


1, EVOLUTION OF PERMISSIBLE LIMITS OF EXPOSURE TO IONIZING RADIATION 


Soon after the discovery of X-rays (1895) it became apparent that 
skin damage could be produced by exposure to this type of radiation. 
It was also realized that the damage extended to the deeper tissues 
and in fact it was this observation that led to the use of X-rays in the 
treatment of cancer. It did not take long to realize that any body 
tissue or organ could be damaged if the amount of radiation reaching 
it was sufficiently large. The existence of a “latent period,” or delay 
between the exposure and the manifestation of the injury, was noted 
early, but this refers only to effects observable within a few weeks or 
a few months at the most, which may be referred to as the short-term 
effects of radiation. Obviously, the /ong-term effects of overexposure 
to radiation (e.g. the production of cancer) did not become apparent 
for a considerable time. It is now known that the interval between 
acute local overexposure and the appearance of cancer of the skin may 
be greater than 25 years, although in general it is about 10 to 15 
years. In the case of occupational exposure, the dose accumulates 
slowly and the delay is even greater. 

By 1920 many of the early radiologists and technicians had de- 
veloped cancer of the skin (usually in the hands or face, because these 
parts received the largest doses) and others had died of anemia and 
probably leukemia. During the 1920’s there was considerable activity 
in different countries to improve the protection of radiologists and 
technicians. In order to establish some norms, physical measurements 
of radiation exposure were made in many radiological installations. 
Since the roentgen as a unit of dose was not adopted internationally 
until 1928, the measurements were usually expressed in terms of the 
“acute” (single exposure) X-ray dose required to produce a redden- 
ing of the skin (the “erythema dose”). From these studies evolved 
the concept of a “tolerance dose” and the values suggested for it 
ranged from 0,002 to 0.01 of an erythema dose per month. 

It is important to note the process by which these values were ar- 
rived at. The measurements mentioned above, established (albeit 
with rather low accuracy) the degree of occupational exposure of per- 
sonnel in typical departments of radiology. This could be related 
to the state of health of those who had been exposed essentially at this 
rate for a number of years. By comparing the conditions of exposure 
With those to which certain workers had been subjected and had been 
or had not been injured, an estimate of a “safe” rate of exposure was 
made. The thinking at the time was that if no appreciable injury 
was evident within several years, it would be safe for the individual 
to be exposed at the same rate indefinitely. Skin damage was the 
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main problem in those days and there was ample clinical experience to 
support the view that substantial recovery took place. Accordingly, 
it was expected that if the rate of exposure was low enough, tissue 
damage would be corrected by recovery and repair processes and no 
appreciable injury would result in the lifetime of the individual. It 
should be noted that repair of damage (e.g., the healing of a wound, 
the replacement of lost blood) is a normal physiological process and 
at the time it was reasonable to suppose that it applied to radiation 
damage as well. Asa matter of fact, it does apply, but the difference 
is that after gross tissue repair has occurred there is still some resid- 
ual damage—often imperceptible at first—which persists and may 
lead to serious complications many years later. Another important 
point to keep in mind is that the realization of the dangers of exposure 
to ionizing radiation was a gradual process and that at each step 
greater precautions were taken. Thus, at any particular time the ex- 
posure of personnel was less than it had been 10 or 15 years before and, 
therefore, the injuries seen then in the older radiologists had been pro- 
duced under conditions that no longer existed. 

The International X-ray and Radium Protection Commission, 
which later became the International Commission on Radiological 
Protection (ICRP), was established in 1928 by the Second Inter- 
national Congress of Radiology. This Commission recommended a 
“tolerance dose” of 0.2 r per day in 1934. The same value was rec- 
ommended in this country by the Advisory Committee on X-ray and 
Radium Protection (which later became the National Committee on 
Radiation Protection (NCRP). Some time before 1920 I es- 
tablished the practice of taking monthly blood counts of all tech- 


nicians working with radium in my laboratory, although by the nature 
of the work the chief hazard was injury of the skin of the hands, 
In 1927 I designed the first teletherapy apparatus with 4 grams of 
radium in which it was ome to “shut off” the gamma ray beam 


during the process of adjusting it to the patient. This device was 
operated 24 hours a day and three technicians in 8-hour shifts were in 
attendance. In the course of operating this device and watching the 
patient through a lead glass window, these technicians were exposed 
to some radiation. The exposure was determined by film badges 
calibrated with radium gamma rays. Since blood counts were taken 
every month, a few years later (1932) it was possible to establish that 
this rate of exposure did not produce perceptible changes in the blood 
counts of two of the technicians * who had had the longest exposure, 
namely, 4.5 and 3 years, respectively (the third one had left earlier). 
These physical measurements and blood counts eae the basis for 
a “radium protection chart” in which I related the amount of radium, 
the lead thickness of the shield, and the distance that ‘would provide 
“adequate” protection. The chart was later included in HB-25 
(1938). This development is recounted here because it provides the 
background for the adoption in 1936 of a tolerance dose of 0.1 r per 
day by the Advisory Committee on X-ray and Radium Protection, 
when the internationally recommended value was 0.2 r per day. By 
this time reasonable agreement had been reached on the measurement 
of radium gamma ray doses in terms of the roentgen, and it turned 
out that my “radium protection chart” (which in itself did not involve 


1 Both are still alive. 
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the dose) corresponded to a tolerance dose of very nearly 0.1 r per day. 
This value had the merit that it- was based on actual experience indi- 
cating a lack of effect on blood count in two technicians who had 
been exposed for a few years. This could hardly be considered satis- 
factory evidence, but it was better than anything available at the time. 
Perhaps exposure at the rate of 0.2 r per day would not have produced | 
any perceptible changes in blood count in the two technicians either, 

but the general feeling of lowering the tolerance dose was in the air 

and, at my suggestion, the committee adopted 0.1 r per day as the | 
tolerenace dose. HB-20 (1936). I might add that at that time the | 
genetic hazard of exposure to ionizing radiation was beginning to be | 
recognized by nongeneticists, largely through the efforts of H. hi Mul- 

ler, who was the leading expert in this field. Suggested values of 

the tolerance dose in chronological order are given in the appended 
table, reproduced from “Radiation Protection,” by Braestrup and 
Wyckoff. 

In the development of the atomic bomb great caution was exer- | 
cised and all protective measures were designed to comply with the 
adopted maximum daily dose of 0.1 r. (While many individuals were 
involved in radiation protection, Dr. Robert Stone deserves the chief 
credit in that he set the pattern in the early days of the plutonium 
project.) New problems had to be faced and even new units had to be 
coined (Dr. H. M. Parker was largely responsible for introducing the 
“rep” and the “rem”). 

After the war it became evident that the radiation protection prob- 
lem had reached proportions undreamed of before. Accordingly, 
the Advisory Committee on X-ray and Radium Protection was re- 
organized and became the National Committee on Radiation Pro- 
tection, with a much larger membership and scope of activity. I 
became chairman of Subcommittee I, which was charged with the 
task of formulating basic rules. Dr. K. Z. Morgan was made chair- 
man of Subcommittee IT dealing with the difficult problem of estab- 
lishing permissible body burdens of radioisotopes and related matters. 
I invited two prominent geneticists (Dr. H. J. Muller and the late 

| Dr. Donald R. Charles, later replaced by Dr. Curt Stern) to become 
members of Subcommittee I. This was the first time that any ge- 
| neticist took a direct part in the deliberations of a radiation pro- 
. : tection committee. 
The subcommittee realized at the outset that the development of 
the atomic bomb made necessary an entirely new approach to the 
protection problem. Before the war occupational exposure occurred 
. largely in medical installations and one had to deal mostly with 
X-rays produced at voltages in the range of 80 to 250 kilovolts. 
Therefore, it was sufficient to express a “tolerance dose” in terms of 
roentgens per day without being too specific as to the region of the 
body to which this applied. In general in this country a measure- 
ment for protection purposes was made “in air,” without the presence 
of the human body, at the place where the worker would be in the 
performance of his duties. The new sources that became available 
after the war provided radiation of .different types and widely dif- 
ferent penetrating powers. Also, radioactive material entering the 
body would go to some internal organs and would irradiate them 
even though the radiation they emitted was of very low penetrating 
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power. These problems, of course, had to be faced during the war 
and the tolerance dose of 0.1 r per-day (or its equivalent for non- 


renner radiation) was made to apply to the dose delivered 
to any body tissue. 


TaBLe I.—Historical development of “tolerance dose” 





Author Date |Daysfor1/1000| Calculated 
erythema r/day 
I 65 5 hah 5-0 bie nb debe ~ ta = dela Sb hee cach iden ah 1902 (1) 10 
I meckintbnc se ctdagustepdaniccececnsbotse dap wha utdin 1925 3 0.2 
UFR ih oA co Sd - chs deebvwetin’ leinedi digs Ak 1925 3 0.2 
<0 ian ndaieee tberanet danteneednel<rsrdunreienontetaiin 1926 0.3 2.0 
SP ENE T, totoe. hds eh bet shoe seapense apbaeaepoeeeateouaes 1927 15.0 0. 04 
arta GR ORs icnss sks $455<---405046b- hb bette bs Hh see~ se 1928 3.5 0.17 
a Pee pageadqunpontdtadersthanucs ste chwegebetvapeenecCOepeodeeee 1928 5 0. 12 
Ps Bye) 3h 5 od SL ea, 1932 30.0 20.1 
I oo ioterciintell hs smaigiinclsspmndatemaedtl>«amunipvipeaeneiae 1932 3.7 0. 16 
UNE Mle oS tate h odo we kn cka news ebcas bead ons cde stcdding 2aks Aiden Woe ei See 0.2 
a i Se itinnanetaibban 0.1 
DR. ct cbab kekbbnontysaucauhtceht wedecdsehebdeduhs hs inaWrbictened eee “PA ieecc cokes 50.05 
DOP BSH. di i DRI. OI IS i - i MP sisi. $0.05 
| Photographic. 


? Estimated from gamma-ray erythema=—1,800r. Other calculations on erythe 


ma—600 r. 
* International Commission on Radiological Protection, then known as International X-ray and Radium 
Protection Commission. 


4 National Committce on Radiation Protection and Measurements, then known as Advisory Committee 
on X-ray and Radium tection. 
5 Based on a weekly irradiation of 0.3 r in air. 


Source: Reproduced from “Radiation Protection”’ by Carl B. Braestrup and Harold 0. Wyckoff, Charles 
C. Thomas, publisher. 


The subcommittee introduced the concept of “critical organs” and 
specified the harmful effects to be guarded against. The specified 
critical organs and effects (in parentheses) were: skin (cancer), blood- 
forming organs (leukemia), gonads (sterility), lenses of the eyes 
(cataracts). This refers primarily to exposure resulting from 
sources outside of the body. For “internal emitters,” organs in which 
a radioactive material concentrates to a high degree, constitute critical 
organs also. In principle the “permissible dose” (see below) for each 
critical organ should be chosen on the basis of the radiosensitivity of 
the organ with respect to the pertinent harmful effect, the seriousness 
of this effect, and other considerations. There was not sufficient in- 
formation at the time to do this quantitatively for each critical organ 
and effect. Therefore, a distinction was made only between skin and 
the other critical tissues, in that the permissible dose for the skin was 
set at twice the value recommended for the other critical tissues. 
There was a sound basis for this because much more was known about 
long-term skin damage by radiologists, and cancer of the skin is 
readily curable in most cases, while leukemia is always fatal. 

Long-term experiments on animals carried out during the war in- 
dicated that there might be a shortening of life due to nonspecific 
causes, even at low levels of chronic exposure. Experiments and 
theoretical considerations indicated that genetic damage should. be 
expected even from very low doses. For these reasons (and less 
tangible ones) the feeling had grown in previous years that the con- 
cept of a “tolerance dose” as a safe dose should be abandoned. To 
make the change perfectly clear the subcommittee decided to use @ 
new expression—the permissible dose. The following statement from 
H.B.—59 defines and explains the new terminology. 
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PERMISSIBLE DOSE 





The concept of a tolerance dose involve assumption that if the dose is 
lower than a certain value—the threshold value—no injury results. Since it 
seems well established that there is no threshold dose for the production of gene 
mutations by radiation, it follows that strictly speaking there is no such thing as 
a tolerance dose when all possible effects of radiation on the individual and 
future generations are included. In connection with the protection problem the 
expression has been used in a more liberal sense; namely, to represent a dose 
that may be expected to produce only “tolerable” deleterious effects, if any are 
produced at all. Since it is desirable to avoid this ambiguity the expression 
“permissible dose’ is much to be preferred. 

It is now necessary to give this expression a more precise meaning. In the 
first place it is well to state explicitly that the concept of a permissible dose 
envisages the possibility of radiation injury manifestable during the lifetime of 
the exposed individual or in subsequent generations. However, the probability of 
the occurrence of such injuries must be so low that the risk would be readily 
acc_ptable to the average individual. Permissible dose may then be defined as 
the dose of ionizing radiation that, in the light of present knowledge, is not 
expected to cause appreciable bodily injury to a person at any time during his 
lifetime. As used here “appreciable bodily injury” means any bodily injury or 
effect that the average person would regard as being objectionable and/or 
competent medical authorities would regard as- being deleterious to the health 
and well-being of the individual. “Dose” is used here in its radiological sense 
and particularly as tissue dose in the irradiated tissue, organ, or region of 
interest. What constitutes the region of interest depends on the conditions of 
exposure and must be taken into account in assigning numerical values to the 
pormissible dose or doses applicable to a given set of conditions. 


The quotation is pertinent at this time because there seems to be con- 
siderable confusion as to the exact meaning of “maximum permissible 
dose.” The word “permissible” is certainly appropriate in a legal 
sense. Thus, the speed limit posted on a road represents the maxi- 
mum permissible speed, but there is no implication that if this speed 
is not exceeded there will be no traffic accidents on that road. Ac- 
tually the change in terminology was made not because the new 
terminology was better than the former (as far as the words are 
concerned) but to get away from the concept of a dose that produced 
no damage, which people associated with the expression “tolerance 
dose.” The change in terminology was intended to emphasize the 
change in concept. Many technical terms involve the use of com- 
mon words that are given a special meaning by definition. The defi- 
nition is what counts and not what the “man in the street” may think 
it means. (As an example, legal terminology is not always mean- 
ingful to the average individual). The latest definition of permis- 
sible dose is given in section 2, below. 

As mentioned before, when the “tolerance dose” of 0.1 r per day 
was recommended, occupational exposure consisted largely of ex- 
posure to medium voltage X-rays. In the case of radiologists the 
exposure was mostly from fluoroscopes and the radiation traversed 
the body in the general direction of front to back, although scattered 
radiation could come from any direction. With the more powerful 
sources of radiation that came into use during and after the war, and 
the diversity of applications outside of the medical field, it became 
evident that the distribution of radiation in the human body could be 
much more uniform than it had been before. To take care of this situ- 
ation, the subcommittee decided to assign to all critical organs except 
the skin, permissible doses that numerically were about one-half of 
the previous tolerance dose, that is 0.3 r per week. The permissible 
dose for the skin was set at 0.6 r per week (numerically the same as 
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the previous tolerance dose in a period of 6 days). Actually a direct 
comparison cannot be made because the basis of measurement is dif- 
ferent in the two cases: the tolerance dose was usually measured “in 
air,” while the new permissible doses were expressed in terms of the 
doses received by specified organs. On the whole the new recom- 
mendations were intended to insure greater protection, but it is diffi- 
cult tosay by what factor. 

The subcommittee changed the time basis from 1 day to a week 
(“7 consecutive i age practical reasons. If the limit is for 1 
day, then in order to be sure that it is not exceeded, the monitoring 
device (e.g. a film badge) must be read every day. This is wholly 
unnecessary when the working conditions are such that no large fluc- 
tuations of exposure occur from day to day. 

The subcommittee introduced several other innovations, which need 
not be discussed here. One deserves brief mention because it marks 
the beginning of the recommendations for a lower permissible dose for 

rsons nonoccupationally exposed. The pertinent statement in 
HB-359 is as follows: 

Because it is impractical to keep account of the exposure of individuals out- 

side an area in which occupational exposure occurs, it is necessary to make sure 
that the weekly dose received by minors outside said area be negligible insofar 
as subsequent occupational exposure is concerned. A factor of 10 is considered 
satisfactory for this purpose. Therefore, it is recommended that in cases in 
which minors may be exposed to radiation in the course of their normal activi- 
ties, protective measures be taken to make sure that no minor actually receives 
radiation at a weekly rate higher than one-tenth the respective basic permissible 
weekly doses for the critical organs and other body tissues, according to the 
basic dose distribution. 
All the recommendations made by the subcommittee were accepted by 
NCRP and were published as HB—59. in 1954. Actually agreement 
had been reached on most of the recommendations at the first meeting 
of the subcommittee in 1948. Informal reports were made by the 
Chairman of NCRP to other subcommittees and the new limits were 
used as a basis for their recommendations long before HB-59 was 
published. 

In 1948 I went to England to discuss the proposed new permissible 
limits with the British counterpart of our NCRP. Our basic pro- 
posals were accepted. They were also accepted later by the Interna- 
tional Commission on Radiological Protection. (Compare HB-59 
and recommendations of ICRP published in 1955 as supplement No. 
6 of British Journal of Radiology.) 

While the genetic hazard was discussed by subcommittee 1 no s 
cific recommendations were made in HB-59. This was done (with 
the approval of the two geneticists on the subcommittee) simply be- 
cause the handbook dealt with occupational exposure and the genetic 
effects of such exposure at the recommended limits on the whole popu- 
lation would be minimal. It was planned to prepare a second report 
dealing exclusively with the genetic problem. As chairman of the 
subcommittee I was about to arrange a meeting of the leading genet- 
icists in this country to discuss the problem, when I heard that the 
National Academy of Sciences had been asked by the Rockefeller 
Foundation to study the biological effects of atomic radiations. The 
reports of this study were published in 1956 and an extensive discus- 
sion of genetic effects is as unlee A similar report was issued simul- 
taneously by the British Medical Research Council. The problem was 
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also discussed by the ICRP at its meeting in Geneva, April 1956, and 
a preliminary statement was issued later. More will be said later. 


9 


2. LATEST RECOMMENDATIONS OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL PROTECTION 


At the Geneva meeting of ICRP Sr aby 1956) I proposed a further 
reduction in the permissible dose for occupational exposure of the 
whole body. The reasons are given in the Commission’s report “Radi- 
ation Protection—Recommendations of the International Commission 
on Radiological Protection” published by Pergamon Press. A brief 
summary will be given here. 

It has always been emphasized by both NCRP and ICRP that the 
exposure of radiation workers should be kept as low as ee 
irrespective of maximum permissible limits. In general there has 
been very good cooperation on the part of responsible authorities in 
this respect and liberal factors of safety have been introduced in the 
design of radiation installations to reduce the actual exposure of work- 
ers much below permissible limits. Thus in AEC installations the 
great majority of workers received less than one-tenth the yearly per- 
missible dose in 1955. However, the 1955 Conference on the Peaceful 
Uses of Atomic Energy aroused great interest in the development of 
atomic powerplants throughout the world. In time this would greatly 
increase the number of persons occupationally exposed and would also 
bring about actual or potential exposure of other persons and the pop- 
ulation as a whole. More importantly, the pressure for producing 
power economically might well do away with the “safety factors” men- 
tioned above. Also, the average duration of occupational exposure per 
individual worker might increase. 

On the biological side, it appeared that perhaps “recovery” plays 
a less important part in the long-term effects it radiation to be ex- 
pected from continued exposure at low levels than was earlier sup- 
— The higher than normal incidence of leukemia in radiologists 

ad been well established. A statistical study by Dr. Shields Warren 
showed that the average age at death was about 5 years lower for ra- 
diologists than for other specialists, presumably not exposed to radi- 
ation in the exercise of their professions. (This was later found to be 
due largely to differences in the age distributions of the groups of 
specialists. A similar survey made in England recently shows no sig- 
nificant difference in longevity between radiologists and other medical 
specialists. Nevertheless, the possibility of a certain degree of life 
shortening attributable to whole body exposure to penetrating radia- 
tion cannot be excluded. ) 

The ICRP recommended a reduction in the maximum permissible 
dose for whole body occupational exposure by approximately a factor 
of three. It retains essentially the former Tints for ee ex- 
posure of single organs, except the gonads. In addition certain 
changes of practical importance were also made. As mentioned 
above, the AEC installations the actual dose received by the average 
worker was much less than the maximum permitted value. Although 
no similar information is available for other installations, this must 
also be true in general. However, certain operations, especially in 
cases of emergency, cannot be carried out at all—or at least econom- 
‘cally—without exposing workers temporarily to higher levels of 
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radiation. Therefore, the ICRP made provisions for higher tempo- 
rary exposure levels (“within a period of 13 consecutive weeks”) and 
adopted a formula first introduced by NCRP for the maximum 
occupational dose that could be accumulated up to a given age. For 
the most critical organs and whole body exposure the formula is 
D=5(N-—18) where D is the accumulated does in rems at age N 
years, with the proviso that in any 13 consecutive weeks the dose 
should not et 3rems. This means that while on the average the 
limit for occupational exposure corresponds to 5 rems per year, some 
workers who have not accumulated the maximum dose at their ages 
may receive up to 12 rems in 1 year. This takes care of practical 
requirements and at the same time insures that the accumulated dose 
at any given age does not exceed one-third the maximum value 
formerly permitted. It is important to note that in effect the new 
recommendations do not decrease the average dose actually received 
by radiation workers by a factor of three, because the average worker 
never received anything like the full quota. Therefore, the new 
recommendations do not impose undue restrictions, but limit the dose 
that could possibly be accumulated by an individual to one-third of 
its former value. 

The definition of permissible dose in the latest report of ICRP is 
more explicit than that in HB-59. The pertinent paragraphs are 
quoted below : 

(29) Any departure from the environmental conditions in which man has 
evolved may entail a risk of deleterious effects. It is therefore assumed that 
long continued exposure to ionizing radiation additional to that due to natural 
radiation involves some risk. However, man cannot entirely dispense with the 
use of ionizing radiations, and therefore the problem in practice is to limit the 
radiation dose to that which involves a risk that is not unacceptable to the 
individual and to the population at large. This is called a “permissible dose.” 

(30) The permissible dose for an individual is that dose, accumulated over a 
long period of time or resulting from a single exposure, which, in the light of 
present knowledge, carries a negligible probability of severe somatic or genetic 
injuries; furthermore, it is such a dose that any effects that ensue more fre 
quently are limited to those of a minor nature that would not be considered 
unacceptable by the exposed individual and by competent medical authorities. 

(31) Any severe somatic injuries (e.g. leukemia) that might result from 
exposure of individuals to the permissible dose would be limited to an exceed- 
ingly small fraction of the exposed group; effects such as shortening of life 
span, which might be expected to occur more frequently, would be very slight 
and would likely be hidden by normal biological variations. The permissible 
doses can therefore be expected to produce effects that could be detectable only 
by statistical methods applied to large groups. 

It will be noted that since 1934 the maximum permissible level of 
continued whole body occupational exposure to ionizing radiation has 
been lowered in three steps from 60 to 5 rems per year. Each time 
the reduction has been made not because of definite knowledge of 
harm produced by exposure at the higher permissible limit, but be- 
cause it was judged prudent to do so on the basis of radiological ex- 
perience, animal experimentation and theoretical considerations. By 
1934 there was a general awareness of the hazard, and gross short- 
term injuries were no longer common, It would have taken at least 
25 years of exposure at the same level to evaluate the long-term effects 
an then only by statistical methods. 

It is important to note in this connection the difference between 
maximum permissible limit and the average dose that workers ac- 
tually receivé, Both NCRP and ICRP have always emphasized that 


ais G2 eee tes « 


Opie ep —-woca~ 


ye os 





RADIATION PROTECTION CRITERIA AND STANDARDS 209 


the exposure should be kept as low as practicable. Designers of rad- 
iation installations have taken this seriously and have used substantial 
factors of safety, at least during the last 20 years. For this reason, 
compliance with the lower permissible limits in general has not neces- 
sitated marked changes in protective barriers or operative procedures. 
To a certain extent this accounts for the ready acceptance of lower 
permissible limits. However, considerable resistance to further re- 
ductions is to be ex ‘ 

Maximum permissible limits for occupational exposure apply to 
the individual employee. In other words, the intent is to protect 
each employee. This means that the employer must provide protec- 
tive devices and procedures to make sure that no individual in his em- 
ploy receives a iow in excess of the maximum permissible limit. To 
do this he is forced to use an administrative limit lower than the per- 
missible maximum. (The ratio of the two constitutes the safety 
factor” mentioned above.) In practice it is found that in large in- 
stallations only a small percentage of those occupationally exposed to 
radiation receive doses approaching the maximum permissible values. 
The average dose is usually much lower. 

In this connection it is well to point out that it would not be proper 
to set limits of occupational exposure in terms of the dose received 
by the average employee. Ina plant with a large number of employ- 
ees, some could receive really large doses, while maintaining the 
— low average. 

t should be noted that changes in permissible limits of exposure 
made during the past 30 years have resulted in a decrease of accumu- 
lated dose, but also in an increase in the single dose that a person 
could receive. When the limit was 0.1 r per day, the single dose, that 
is, the dose received in one exposure, could not exceed 0.1 r. When 
the limit was 0.3 r per week, the single dose could not exceed 0.3 r. 
Now the dose reckoning period has been stretched to 13 weeks and the 
maximum permissible single dose is 3 r. This has been done to meet 
practical requirements. It is unlikely that further increases will be 
allowed until much more knowledge of the biological effects of ioniz- 
ing radiation is acquired. 


3. PERMISSIBLE LIMITS FOR NONOCCUPATIONAL EXPOSURE 


As already mentioned the first attempt to regulate exposure of 
persons outside of radiation installations was made in HB-59. This 
was done indirectly (see quotation in the previous section) by stip- 
ulating that children should not be exposed at a rate higher than 
one-tenth the maximum permissible weekly doses for occupational ex- 
posure. Note that the ostensible reason for this was to make sure 
that the dose received by children up to the time (18 years) that they 
might be employed in a radiation installation would be negligible 
MM comparison to the occupational exposure they would receive in a 


lifetime. Taking this as a basis, the ICRP report published in 1955 
contained the following statement : 


The Commission recommends that, in the case of the prolonged exposure of a 
large population, the maximum permissible levels should be reduced by a factor 
of 10 below those accepted for occupational exposures. 

Actually this came about through some misunderstanding, since the 
factor of one-tenth was never intended to apply to a large population. 
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There has always been considerable reluctance on the part of radia- 
tion protection groups to make recommendations for the exposure of 
large populations: in the first place because of the limited knowledge 
concerning the effects of exposure at low levels of ionizing radiation ; 
and secondly because the problem might well be considered to be out- 
side the scope of their activities. Nevertheless, by the time that the 
ICRP held its meeting in Geneva in 1956, it was evident that some- 
thing had to be done. 

Geneticists (and others) have emphasized the genetic hazard for 
a long time and have recommended that exposure of the gonads be 
limited “as much as possible.” This sort of recommendation is of 
no use to engineers designing nuclear powerplants, or for that matter, 
designing the protective shields and a rices for any source of radia- 
tion. It is always “possible” to reduce the exposure if one is willing 
to pay the price. At what point should the engineer stop? On the 
other hand, lack of knowledge made everybody reluctant to set a per- 
missible limit for the genetic dose to the whole population in numer- 
ical terms. The Genetics Committee of the National Academy of 
Sciences deserves the credit for resolving the impasse, by recommend- 
ing that the “general population shall not receive from such sources 
(manmade sources) an average of more than 10 roentgens, in addition 
to background, of ionizing radiation as a total accumulated dose to 
the reproductive cells from conception to age 30.” The British group 
made no specific numerical recommendation but indicated the order 
of magnitude and suggested that ICRP should set the value. 

The preliminary recommendations made by ICRP in 1956 were 
abide in general terms but in the 1959 report they are very specific. 
It accepted the genetic dose of 10 r suggested by the NAS-Genetics 
Committee as an upper limit and suggested a subdivision of this total 
into allotments for specific purposes, as follows: 
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It is important to note that the ICRP does not recommend that the 
genetic dose from medical exposure be 5 rems. In fact it recommends 
“that it be kept as low as is consistent with the necessary require- 
ments of modern medical practice.” It simply recognizes the fact 
that the estimated genetic dose in some countries is close to 5 rems. 
The quotas for nonmedical exposure are ample to permit foreseeable 
expansion of the peaceful uses of atomic energy without undue re- 
strictions. 

The pee dose to a population is the dose which, if it were re- 
ceived by each person from conception to the mean age of childbear- 
ing, would result in the same genetic burden to the whole population 
as do the actual doses received by the individuals. A permissible 
genetic dose is that dose which, if it were received by each person 
from at to the mean age of childbearing, would result in an 
acceptable burden to the whole population. In order to evaluate the 
genetic dose one must know the relation between dose and genetic 
effect. It is generally assumed that the relation is a linear one, that 
is, that the genetic effect is proporional to the dose and that there 
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is no dose (no “threshold dose”) below which no genetic effect is pro- 
duced. On this basis a large dose to a few individuals is equivalent 
to a small dose to a correspondingly larger number of individuals, 
insofar as the gentic effect on the total group of individuals is con- 
cerned There is a good scientific basis for this assumption, although 
the recent work of Dr. William L. Russell and his staff at Oak Ridge 
indicates that some modifications may have to be made. 

In the case of somatic effects there is considerable difference of 
opinion as to the dose-effect relationship and in particular as to the 
existence of a threshold dose for any given effect. Obviously, if there 
is a threshold dose, those receiving lower doses would show no effect 
at all. If there is a threshold dose and its magnitude is higher than 
any dose that could be accumulated at permissible levels of occupa- 
tional exposure, there is no reason to have lower permissible limits 
for nonoccupational exposure as regards somatic effects. The matter 
is only of academic interest insofar as setting a limit to the popula- 
tion dose resulting from external sources of penetrating radiation is 
concerned. Under these conditions genetic damage is of paramount 
importance and the limitation of the dose to the gonads will automati- 
cally limit the dose to the rest of the body to essentially the same level. 
The top limit recommended by the ICRP for the genetic dose from 
all manmade sources (except medical exposure) is5 rems. Therefore, 
this will indirectly limit the whole bedi dine to 5 rems in 30 years 
or 12.5 rems in 75 years. This is certainly satisfactory for the pres- 
ent time because the actual whole-body dose of penetrating-radiation 
received by the population from manmade sources is certainly much 
less than this and it can only increase very slowly. Obviously, the 
rate of increase must be under control if the genetic dose must never 
reach the 5-rem limit. The ICRP (and NCRP as well) has always 
reserved the right. to change the recommended permissible limits 
whenever new knowledge indicates that they should be changed. 

The same limitation to the level of the genetic dose applies also to 
internal exposure resulting from radioisotopes that directly or indi- 
rectly contribute to the gonad dose or constitute whole-body exposure. 


4, PERMISSIBLE LIMITS FOR RADIOISOTOPES THAT CONCENTRATE IN A 
SINGLE ORGAN 


There is still considerable confusion as to the meaning of the ICRP 
recommendations for this case. The difficulty arises largely from the 
fact that some recommendations are made in terms of MPC and that 
the word “average” is not explicitly defined. For occupational ex- 
posure the permissible limit applies to any exposed individual and 
not to the average person in a group of radiation workers. However, 
an average dose with respect to time is involved here because the limit 
is set in terms of a certain dose in a certain period of time (e.g. 3 rems 
in 13 consecutive weeks) irrespective of the rate at which the dose is 
received, 

In the case of exposure of a population, genetic and somatic effects 
are considered separately. The limit on the genetic dose is set from 
the point of view of protecting the descendants of the population, 


* Note that the criterion here is the effect on a population, not the effect on any par- 
ticular individual. 
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not the descendants of an individual member of the population). 

‘herefore, the specified dose is the average for the whole population. 
On the assumption (which now is not quite valid) that genetic damage 
depends on the total dose accumulated by the parents up to the time 
of conception of a child, the permissible dose is stated in terms of the 
first 30 years of life, which is approximately the average age of par- 
ents at which offspring are conceived. (Note that this is another 
kind of “average”). The descendants of the individual are protected 
indirectly by the limit set for the permissible individual dose to the 
gonads, as critical organs, to guard against somatic effects. 

For obvious practical reasons protection of the individual or the 
population from the hazards of internally accumulated radioactive 
materials is based on the control of the concentrations of these ma- 
terials in air, water, food, etc. taken into the body. However, the ref- 
erence point is the permissible tissue dose in a critical organ—which 
may be derived from the recommendations for exposure to external 
sources, or from the permissible body burden of Ra?** (0.1 microgram, 
for occupational exposure). The latter has the merit that it is based 
on actual human data, but it introduces difficulties in the calculation 
of the significant tissue dose responsible for the production of bone 
tumors and its equivalent for a different radioisotope. At any rate 
the starting — is the tissue dose in a given organ. Then calcula- 
tions are made to determine the concentration of the material in air or 


water that would prevent the accumulation of a radiation dose in 
the organ in excess of the assumed maximum permissible value dur- 
ing the lifetime of the individual. The calculation involves many 
biological factors, most of which are not accurately nee even 


if they were, the values used would have to be averages, because of 
the considerable physiological differences among the members of a 
human population. In practice a fictitious “standard man” is set up 
with a certain total weight and weight of each organ, breathing air 
and drinking water at certain rates, dealing with each radioisotope 
(as an element or a compound) in a certain way, etc., etc. Accord- 
ingly, the calculated maximum permissible concentration (MPC) ap- 
plies to this standard man, whieh in intended to represent the average 
radiation worker. We have here another “average.” Its significance 
should be kept in mind. Starting with a given tissue dose we calculate 
an MPC. Maintaining this MPC for the length of time originally 
assumed, we may expect that the tissue dose in the organ in question 
in the average radiation worker (“standard man”) will reach the 
value originally assumed. However, the organ dose in some individ- 
uals will be lower and in some higher, because the concentration of 
radioactive material in the organ will be different owing to metabolic 
differences. In addition the biological effect of the same dose is dif- 
ferent in different individuals. Hence greater differences in biological 
effect from one individual to another must be expected when the ex- 
posure is controlled by maintaining a certain MPC than when it is 
controlled by maintaining a certain radiation level—which can be 
done readily in the case of external exposure, but only in certain in- 
stances (e.g. radioiodine in the thyroid) in the case of internal 
exposure. 
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The foregoing discussion is pertinent to paragraph 68 of the 1958 
ICRP report, which reads as follows: 


(68) There remain for further consideration those isotopes that concentrate 
in specific organs (other than the gonads). In view of the existing uncertain- 
ty as to the dose-effect relationships for somatic effects, it is suggested that for 
planning purposes the average concentrations of such isotopes, or mixtures 
thereof, in air or water, applicable to the population at large, should not ex- 
ceed one-thirtieth of the MPC values for continuous occupational exposure given 
in the report of Committee IT. 


The question is how to apply the suggestions of paragraph (68) to 
the practical situation in which radioactive material is discharged 
into the air. The discharge may occur at intervals and may differ in 
amount. As in the case of intermittent exposure to external radia- 
tion, it is proper to base the permissible limit on an average concen- 
tration over a period of time. However, the concentration varies also 
from point to point in the surrounding area, depending not only on 
distance from the point of discharge but on wind direction and veloc- 
ity and other factors. As a practical necessity some averaging with 
respect to area—or more appropriately with respect to population 
in the surrounding area—is indicated. Obviously, by choosing a large 
enough area the average dose to the occupants can be made very low, 
but then some individuals might well receive very large doses. This 
difficulty can be overcome by specifying two limits: one for the dose 
that any individual can receive and one for the average dose to the 
Ppa 

his matter was discussed at the Munich meeting of the ICRP in 
July 1959 and the following statements were issued : 


Additional section regarding exposure of individual members of the popula- 
tion at large (to follow after par. 57).—A new section, under the heading 
Exposure of the Population at Large should be added after the section headed 
Exposure of Special Groups (pars. 53-57). The text to be added, referring to 
both external and internal exposure, reads: ‘““The maximum total dose limit for 
individuals in the population at large (excluding those occupationally exposed 
and the special groups B(a) and B(b) should be that recommended for mem- 
bers of the special group B(c) (cf. par. 55.)” 

Interpretation of paragraph 68.—The basis for the limits of permissible ex- 
posure of populations to man-made sources of ionizing radiations is the dose 
received by the various organs of the body and not the MPC-values, or other 
criteria by which the dose is controlled. Nevertheless, for planning purposes 
some guidance as given in paragraph 68 must be available. The word “aver- 
age” in paragraph 68 refers to the concentration of radioactive nuclides, aver- 
aged over a year, in the total intake to the average person of the population. 


Unfortunately the situation is still not very clear as to recommended 
values. The word “average” in paragraph (68) applies to concen- 
trations of radioisotopes, but in the “interpretation-of paragraph 68,” 
it applies to the concentration in the total intake to the average person 
of the population. Having taken part in the discussions at Munich, 
Iam sure the intent was to permit averaging of the “concentration” 
ma populated area. The magnitude of the area or population was 
not stated and is irrelevant because at the same time the ICRP set 
the maximum total dose limit for individuals in the population at 
large. (See “Additional section regarding etc.” quoted above). Un- 
fortunately the reference to the dose recommended for special group 
B(c) paragraph (55) causes some uncertainty. The dose is 0.5 rem 
per year but it refers to the gonads, the blood-forming organs and 
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the lenses of the eyes. Nothing is said about other organs. If it is 
assumed that it is intended to make it apply to other organs as well, 
we end up with the same value (0.5 rem per year) for the maximum 
permissible dose for an individual in the general population and for 
the average dose to the population as a whole. This comes about 
when the recommendation of paragraph (68) in terms of MPC is con- 


5 ae 
verted back to rems per year, that is,—~ X15=0.5 rem per year (the 
per year, 30 per y 


basis being 15 rems per year as the maximum permissible tissue dose 
in a single organ, under the conditions of occupational exposure). 
In the case of isotopes for which the MPC’s are based on the per- 
missible body burden of Ra** the situation is even more inconsistent 
in that the average dose to the population turns out to be higher than 
the maximum dose to the individual. The difficulty salebt be re- 
solved by noting that paragraph (56) refers to “any single organ” 
rather than “the gonads, the blood-forming organs and the lenses of | 
the eyes” to which paragraph (55) refers. In this case the maximum’ 
permissible dose in a single organ for the individual in the general 
population would be 1.5 rem per year, when the MPC’s are based on 
the occupational dose limit of 15 rems per year. 


5. WILL THERE BE FUTURE REDUCTIONS IN PERMISSIBLE LIMITS? 


No definite answer to this question can be given at this time. The 
situation could be altered materially by new ‘know ledge. To give an 
extreme example, it may become possible to raise, rather than to lower, 
the limits without increasing the hazards, if some way of counter- 
acting the effects of radiation could be found. This is a big “if.” 
The problem is of essentially the same magnitude as the cancer prob- 
lem, to which it is related in the sense that both require vastly more 
know ledge of biological phenomena than is available at present. 

Insofar as occupational exposure is concerned there has not been 
great opposition to the lowering of permissible limits because up to 
this time the increase in cost has not. been very large. The general 
awareness of radiation hazards has put pressure on the employers to 
accept lower limits. The exposure records of AEC installations have 
shown that most operations can be conducted with exposures sub- 
stantially below permissible limits. Depending on circumstances, it 
may be justifiable to lower some limits to some extent, but I doubt 
that there can be a drastic overall reduction. 

In regard to radiation exposure of the porate’ the situation is 
more uncertain and much more is at stake. I should like to point 
out that it is rather simple to protect the population from stationary 
sources of radiation. These sources must be shielded anyway to pro- 
tect the worker. The additional shielding required to lower the dose 
rate to the value recommended for the population does not add sig- 
nificantly to the cost. I can give a concrete example since I have just 
designed a shield for a strong cesium 137 source. The lead shield 
required to permit workers to stay close to the source is about 8 inches 
thick, The dose rate at any given distance from the source can be 
reduced to 50 percent by adding roughly one-quarter inch of lead to 
the shield, Another quarter inch of lead will reduce it to 25 percent, 
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etc. This represents a smal] increase in cost in a shield that has to 
be 8 inches thick to begin with. Furthermore, the “population” is 
generally at a much greater distance from the source chan the radia- 
tion worker and this in itself reduces the dose rate greatly. 

A real problem is presented when one envisages the wide distri- 
bution of unshielded or lightly shielded gamma ray sources. In the 
past only watches and clocks with radium-luminous dials came into 
this samaery and the contribution to the population dose has been 
very small. However, the desirability of incorporating radioactive 
material in articles of commerce—for one purpose or another—is in- 
creasing and rigid control of such use is essential to prevent a sub- 
stantial increase in “background” radiation. At some future time the 
question may come up in acute form if the widespread use of a radio- 
active material would result in an important economic benefit. As an 
example I might suggest a hypothetical case. Assume that the effi- 
ciency of the automobile engine could be doubled by using spark 
plugs with a considerable amount of cobalt 60 in them. This is ex- 
tremely improbable but if it could be done, it would be of tremendous 
economic value. There would then be great pressure to get approval 
of this use of cobalt 60, which might well increase the exposure of the 
population beyond the presently accepted limit of the genetic dose. 
Obviously in that case, the weighing of benefits against genetic dam- 
age would have to be done with much greater care than is necessa 
at the present time, and possibly the permissible limit would be raised. 
Incidentally, this is a good example of a function that only the newly 
created Federal Radiation Council could perform. 

In the foregoing I have pointed out that in the case of stationary 
sources of radiation, the additional shielding required to reduce the 
dose rate to the value applicable to the population as a whole is rela- 
tively small. Difficulties may be encountered if the large scale distri- 
bution of “unshielded” gamma ray sources should become economi- 
cally desirable. The problem does not seem very pressing at the 
moment. However, we have discussed only exposure of the popula- 
tion to external radiation. The matter of cost is much more impor- 
tant when it comes to internal emitters. A simple example will make 
this clear. Suppose that in an atomic energy plant radioactive ma- 
terial in gaseous form is discharged into the atmosphere. In order 
to reduce the concentration of the radioactive gas sufficiently to in- 
sure that the dose to the surrounding population does not exceed the 
permissible limit, a certain number of cubic feet of air per minute 
must be pumped into the stack. If now it is desired to reduce the 
concentration to 50 percent of the former value, twice as much air 
must be pumped into the stack at approximately twice the cost. Re- 
duction of the concentration by a large factor may well bring the cost 
to an impossible level. Thus the practical utilization of atomic power 
will demand a closer look at MPC’s for the general popedation! 
Again the question of balancing benefits against damage will come 
up—and much more scientific information than is now available will 
be needed to reach an equitable decision. The matter is one of na- 


tional policy and should be adjudicated by the Federal Radiation 
Council, 
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6. RESEARCH NEEDS 


The spectacular success of the Manhattan project during the war 
has had the unfortunate effect of creating the impression in the pub- 
lic’s mind that, any problem can be solved guickly if sufficient funds 
are made available. Scientists know that this is true only in very 
special cases in which the basic knowledge-for the solution of the 
problem is already at hand. As alluded to above, the cancer problem 
and the radiation hazard problem are not in this category. This re- 
fers specifically to the ideal solution of the radiation hazard problem, 
that is, to the finding of means to annul, counteract or otherwise pre: 
vent the deleterious effects of ionizing radiation. The more im- 
mediate problem is to appraise the hazard in quantitative terms. Un- 
fortunately even this much simpler problem cannot be solved quickly 
for the simple reason that the effects of chief concern require a lon 
time to become evident. Obviously genetic damage must be studi 
in many subsequent generations. The shortening of life requires ob- 
servation during one generation and preferably in subsequent gen- 
erations as well, according to some observations made by W. L, Rus- 
sell on mice. For obvious reasons experiments must. be carried out 
on animals, preferably mammals including long-lived species. The 
range of doses or dose rates used must include some in the neighbor- 
hood of permissible limits. Since the injuries of chief concern in 
the protection problem (e.g. leukemia and bone cancer) occur spon- 
taneously, statistically significant results at low doses can be obtained 
only by using very large numbers of animals. In the end there is 
always the question of applying the results to man. 


The foregoing refers to the empirical AUEF OAD to the problem. In 


time enough information could be obtained in this way to make rea- 
sonable estimates applicable to man. Another, and inherently more 
fruitful approach in the long run, is to study the mechanisims of the 
biological actions of radiation from which generalizations can be de- 
rived. This also requires time because progress will depend on the 
elucidation of biological phenomena in general. 

A third approach is to study human groups that. for one reason or 
another have been exposed to fairly high seainion levels in the past. 
Some of this has been done already ae other projects are under way. 
There is a tendency at the moment to undertake large scale surveys 
of this sort in the hope that large numbers will provide significant 
results. Unless the epidemiological aspects of the study are carefully 
considered, there is danger that a great deal of money—and what is 
still more important, scientific manpower—will be wasted. Radio- 
active fallout offers an opportunity to do prospective studies of this 
sort, especially as regards the effects of internal emitters. However, 
great care must be exercised in deciding what should be done along 
these lines, to avoid unnecessary effort and expense that. the current 
popularity of the subject may induce. 


7. SCIENTIFIC MANPOWER AND RESEARCH FUNDS 

It is well known that there is a shortage of scientific manpower 
in this country. This cannot be remedied quickly and it is therefore 
imperative that the most effective use be made of what there is. Ac- 
cordingly studies relating to radiation hazards should be considered 
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in proper perspective with respect to the total scientific requirements 
of the Nation. I do not think that a large increase in Government 
funds allotted to studies in this field is justified at this time. On the 
other hand, it is highly desirable to provide assurance of increasingly 
larger annual allotments for at least the next 10 years. A rode 
large increase in funds to be spent within a specified time puts an ad- 
ditional burden on the already overworked senior scientists; in re- 
cruiting and training personnel, enlarging facilities, ete. As it is, 
senior scientists have little time to think and thinkng is essential to 
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rere, is now general awareness that it is of vital importance to 
this country to increase the number of scientists and engineers. How- 
ever, numbers alone will not solve the problem. An atmosphere 
must be created that will attract young people with creative minds 
and scientific aptitude. After all is said and done, it is well to realize 
that the number of such people is limited and we must make sure that 
we utilize our human resources in the most effective way. I believe 
that crash programs intended to provide quick answers to some radio- 
logical problems are not indicated. Progress in this field—as indeed 
in any scientific field—depends largely on advancements in other 
branches of science and no one can predict.where, when and how a 
breakthrough will.occur. Accordingly, I think the interests of the 
country will be served best if Congress appropriates adequate funds 
for the advancement of all science, with particular emphasis on basic 
research. 





































8. GIVING CREDIT WHERE CREDIT IS DUE 





It is one of the facts of life that criticism attracts more attention 
than praise—and people are more prone to criticize than to praise. 
Thus a number of organizations having to do with radiological pro- 
tection have been criticized for alleged or real sins of commission or 


omission. I should like to take this opportunity to dispense some 
praise. 


(a) International Commission on Radiological Protection (ICRP) 
and National Committee on Radiation Protection (NCRP) 


These organizations have been concerned with the radiation pro- 
tection problem since 1928. The members have never received pay- 
ment for their work and until recently most of them had to pay their 
own travel expenses. The membership has consisted of recognized 
authorities and has been expanded to include representatives of perti- 
nent disciplines and interests, as developments made this desirable. 
Permissible limits of occupational exposure have been lowered on 
three different occasions. The question may be asked why the limits 
were not set very low to begin with? I have indicated the answer 
in the first part of this report. Briefly, these groups recommended 

_ what seemed right at the time, in the light of practical experience and 

the then available scientific knowledge. In each pio’ thine have 

n people who thought the limits were too low and people who 
thought they were too high. 

To NCRP goes the credit for the introduction of many new con- 
cepts on radiation protection, which are now standard practice 
throughout the world. The chairman, Lauriston S. Taylor, has 
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worked hard since its inception and is largely responsible for its 
success. It is fortunate that the recommendations of NCRP were 
available to, and were adopted by, the Army in the development of 
the atomic bomb. Since then, NCRP has worked hard to take care 
of new situations. 

ICRP has taken the lead in the matter of permissible limits for 
large populations. It has been contended by some that this subject 
is beyond the competence of both ICRP and NCRP. As a matter of 
fact this was also the view of these organizations until it became evi- 
dent that guidance was badly needed and no other group was willing 
to make specific recommendations. 

I should like to point out that in the light of present knowledge 
permissible limits of exposure applicable to the whole population 
would have to be of essentially the same magnitude, no matter under 
what auspices they were worked out—assuming, of course, that the 
task were assigned to a group collectively conversant with the various 
aspects of the problem. This is because the necessary information is 
just not wesibahin and, therefore, it is prudent and convenient to make 
estimates on the assumptions that there is no threshold and that the 
dose-effect relationships for the pertinent effects are linear. In the 
end the recommended values differ from the level of natural back- 
ground by reasonably small factors. Since under present circum- 
stances the accuracy of these estimates cannot possibly be great, small 
differences are apt to be misunderstood by the uninformed public. 
It is, therefore, highly desirable that in preparing radiation protec- 
tion codes, government agencies use the same values as recommended 
by NCRP. In case of disagreement the matter should be referred to 
NCRP for further consideration and possible change. 

Sometimes individual members of NCRP (or ICRP) give different 
interpretations of an official pronouncement. This is confusing but 
unavoidable in a field in which so many uncertainties exist. Im- 
portant recommendations are adopted by unanimous vote, but this 
does not mean that all members think alike. Usually there are at 
first considerable differences of opinion among the members and the 
final version represents the consensus in the main, but not necessarily 
in every detail. 


(6) Atomic Energy Commission 


Following the precedent set by the Army in the days of the Man- 
hattan project, the AEC decided to control radiation exposure in its 
installations according to NCRP recommendations. A very good 
record has been maintained and few accidents have occurred consid- 
ering the magnitude of the operations. Great care has been exercised 
also in the distribution of radioactive isotopes for medical and in- 
dustrial uses. 

Strong criticism of AEC has been voiced in connection with. the 
radioactive fallout problem. A deal of this, I think, has been 
emotional and unfair. The AEC did exercize great care in the con- 
duct of bomb tests, but judging from its reaction, the public was not 
property informed and prepared. It should be noted that within.a 

ecade the destructive power of bombs was increased a thousand fold 


with the development of the first atomic bomb and the hydrogen bomb 
increased it further by another factor of one thousand, making its 
destructive power one million times greater than that of the conven- 





“4 @eoeme# ors 


[eT Ge 


he 
en 
n- 
ot 
. a 


id 


its 
bn- 


RADIATION PROTECTION CRITERIA AND STANDARDS 219 


tional TNT bomb used during the war. This staggering increase is 
unprecedented and it is surprising that more trouble did not develop 
in the testing of such weapons. Usually in industry increases in 
power or in size occur gradually and in small steps—as for instance 
in the development of airplanes—and there is time for accommodation 
of thought and reaction. 

I believe that radiation exposure due to fallout should not be con- 
sidered in the framework of NCRP or ICRP recommendations be- 
cause they were never intended to apply to this problem. The testing 
of nuclear weapons constitutes an exceptional situation of a temporary 
nature involving national policy at the highest level. As such it 
should have been handled by such a body as the recently established 
Federal Radiation Council. 


(c) Public Health Service 


The PHS has been criticized for not taking a more active part in 
radiation protection. I am sure that one of the reasons is lack of 
trained personnel. This is now being remedied. 

Pressure has been buflding up to get the PHS to make extensive 
surveys and to expand the fallout monitoring system. I hope these 
things can be done with moderation for reasons already mentioned. 

I think the PHS should include in its studies other deleterious 
agents besides radiation. The recent cranberries episode has served 
the purpose of attracting the public’s attention to this problem. Some 
of the chemical contaminant of air and food may be mutagenic and 
will add their effects to the genetic effects of radiation. 

In connection with the genetic problem it is well to bear in mind 
that what really counts is the load of deleterious genes carried by the 
population. This load may be increased by increasing the rate at 
which new harmful mutations are produced and/or by decreasing the 
rate at which the harmful genes are eliminated. There are indica- 
tions that the saving of many babies and children by the use of anti- 
biotics and a general improvement in hygiene, we may be decreasin 
the rate at which harmful genes are eliminated. This might we 
have a greater genetic effect than exposure to radiation at the low 
levels that are now considered acceptable. The matter deserves care- 
ful study and the sooner it is started the better. 


(d) Federal Radiation Council 


This body has not had time to make any pronouncements and there- 
fore there has been no occasion for criticism. However, there is some 
concern about the position that NCRP may occupy once the Council 
begins to function. I think that both organizations are needed and 
that some mutually satisfactory relationship will be established. The 
Council may have to issue some official document on permissible limits 
in the near future and I hope that the figures in this initial document 
will be the same as those recommended by NCRP. 

In my opinion the Council should deal primarily with matters that 
affect populations. I have already mentioned control of the wide- 
spread distribution of articles of commerce containing radioactive 
material. 

I should like to make another suggestion. The cost of radiation 
protection (e.g. in atomic energy plants) will play a more important 
part in the future than it has done in the past. It would be extremely 
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useful to know: (1) what the cost is in different categories in order 
to comply with presently accepted permissible limits; (2) what per- 
centage increase in such costs there would be if permissible limits were 
lowered by factors of 2,4.and 8. To do this well it may be necessary 
to sone a large sum of money, but I think it would be well worth- 
while. In fact I do not see how future considerations of permissible 
limits can be fruitful without such information. 


(e) Joint Committee on Atomic Energy 


I wish to take this opportunity to congratulate this Committee on 
the excellence of the public hearings that have been held on radiation 
effects. These have served the purpose of clarifying the problems in 
the public mind and the printed reports provide an up-to-date sum- 
mary of the scientific status in this field. I might say that the same 
applies to the recent report of the United Nations Scientific Commit- 
tee on the Effects of Atomic Radiation. If I may be permitted to 
make a suggestion, I would say that in the future it may not be neces- 
sary or desirable to hold similar hearings on this subject at frequent 
intervals, that is, less than five years. Of*course, if the situation 
were to change rapidly more frequent hearings would be in order. 
I mention this because, as I have already pointed out, senior scientists 
in this field are already overloaded with work end requests to take 
part in numerous symposia, committee meetings, etc. 

In conclusion I wish to thank the Committee for the invitation to 
present my views on a subject that has interested me for a great many 
years. 





COMMENTS ON RADIATION PROTECTION CRITERIA! 
(JCAE OUTLINE MARCH 21, 1960) 


(By Lauriston S. Taylor, Chief, Radiation Physics Division, National 
Bureau of Standards) 


A general discussion of most of the items indicated in section I of 
the outline are touched upon in the attached paper entitled “Radiation 
Hazards in Realistic Perspective,’ and in the references in that report 
to the proceedings of the 1959 JCAE hearings. The following brief 
additional comments on the outline may be made: 


I 


(1) By radiation protection criteria or standards, is meant the 
levels of radiation dose that individuals or the population at large 
may sustain under defined conditions without serious expectancy of 
unacceptable biomedical damage. There is objection to the use of 
the term “standards” on the grounds that this implies a more precise 
knowledge of cause and effect than is, in fact, existent today. The 
NCRP prefers to have these thought of as “‘guides” to be used in the 
control of radiation environment since there is basic uncertainty in 
the biomedical effects of radiation particularly at low levels. There 
should be latitude for the exercise of judgment in the use of such 
guides. While the terms, “maximum permissible dose” and “maxi- 
mum permissible concentration” are used by most protection bodies, 
they have the inherent disadvantage of implying that a person is 
“safe’’ if he is exposed at levels below those described as permissible, 
and has been harmed if he is exposed at levels above those described 
as permissible. Accent on the term “guides” should assist the public 
in understanding the problem. 

(2) Many of the problems involved in radiation protection are not 
dissimilar to those encountered in other fields. However, because 
the effects of radiation may not disclose themselves for many years 
after exposure and because all radiation effects can occur from other 
natural causes, it is difficult or impossible to establish causative 
relationships between dose and effect. Furthermore, radiation may 
have genetic effects that will not be disclosed until succeeding genera- 
tions. 

(3) Radiation protection guides are essential in the control of en- 
vironmental conditions both for radiation workers and the population. 
A severe difficulty has arisen however, because many of the numerical 
quantities developed as guides have, in fact, been carried over into 
aw with the result that there is excessive rigidity in their application. 

his is understandable from a legal enforcement point of view but 
nevertheless results in many decisions of a necessarily unreasonable 
nature. Also numerical quantities designed for the control of certain 
types of situations have been carried over into other applications for 
which they were never intended. 
1 Two attachments follow. 
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(6) Radiation protection guides as developed by the NCRP and 
the ICRP have been in the form of recommendations. It has always 
been the hope of these bodies that the recommendations would be 
used with the exercise of some judgment. The recommendations have 
become binding when written into regulations such as those issued by 
the AEC and various States. It is believed that there is a place for 
binding requirements only in very few instances. 

(8) ines there is no positive knowledge of the absence of radiation 
effects at very low dose levels, it is necessary to assume that there is 
some element of risk attached to any radiation use. It is believed that 
a gradation of risk for different groups of people is reasonable. For 
general environmental control purposes, it is also reasonable to have 
multiple limits designed to meet specific classes of situations. It is 
probably necessary also in certain areas of work to ask individuals to 
accept higher risk because of the essentiality of the operation to the 
Nation’s general welfare. 

(9) Whenever possible, any data based on human experience with 
radiation provides the basis for the development of protection guides. 
However, in comparison with the overall problem, there is an extreme 
paucity of such human information. Therefore, it has been necessary 
to a large extent, to rely upon biomedical information obtained with 
laboratory animals. There are many other situations not susceptible 
even to animal experimentation and which have to be dealt with in a 
largely theoretical manner involving the use of certain basic but 
unproven assumptions. 


Il. GROUPS INTERESTED IN RADIATION PROTECTION GUIDES 


This portion of the discussion will deal with the work of the National 
Committee on Radiation Protection and Measurements; the Inter- 
national Commission on Radiological Protection; and the Inter- 
national Commission on Radiological Units and Measurements. 
The work of these organizations will be dealt with because for the 
past 30 years they have been virtually the only organized groups 
dealing continuously with problems of radiation protection and 
measurements. For background information on background and 
history of these groups, reference is made to the hearings on ‘“Employee 
Radiation Hazard and Workmens Compensation,” page 29 (NCRP); 
“Industrial Radiactive Waste Disposal’’ volume 4, page 2980 (ICRP); 
also, attached is a short history of the ICRU. 

The ICRU, ICRP, and NCRP, established in 1924, 1928, and 1929 
respectively, are all “private” organizations made up of scientists 
having competence in their respective fields of interest. Reports of 
these committees are issued in the form of recommendations with 
the idea that such parts of the recommendations as may be useful in 
any particular situation will be applied as needed. 

The ICRP and the ICRU are sponsored by the International Society 
of Radiology. The NCRP is sponsored jointly by 19 organizations 
including 6 Government agencies and 13 nongovernmental organi- 
zations. There is a close parallel between the structure and programs 
of the international commissions and the national committee; how- 
ever, the NCRP is a single organization that emdodies the functions 
of both the ICRP and the ICRU. 

The NCRP was organized initially by the National Bureau of 
Standards, as a result of a specific request in 1929 from three or four 
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outside scientific societies. However, the committee has never 
been regarded by the National Bureau of Standards or the outside 
organizations as a Government committee. This relationship has 
been the cause of occasional misunderstanding and is in the process 
of being clarified. The NBS has provided certain services essential to 
the operation of the committee including that of the publication of its 
recommendations. This has been done within the Bureau’s statutory 
authority. The Atomic Energy Commission has for a number of 
years provided some funds for the use of the NCRP for the payment 
of travel expenses for those individuals whose organizations were 
unable to do so (mainly universities). A major fraction of the tech- 
nical work including the preparation of reports has been handled on a 
voluntary basis by the organizations or individuals participating in 
its work. While there is no easy way of estimating the relative con- 
tributions, it is believed that in toto the contributions from outside 
the Government have been substantially greater than those from the 
Government. 

The relationships between the NCRP, ICRP, and ICRU have been 
very: close but informal since the international commissions have a 
om of not dealing officially with national organizations. There 
1as always been a close parallel between the work of the three groups, 
largely because of an overlap in membership. This has proven to 
be very effective in bringing the U.S. views to international attention. 

As presently organized, the NCRP has a main committee made up 
of individuals from the outside participating organizations and chair- 
men of its subcommittees. A small executive committee is chosen 
from the main committee to handle normal operating matters. Execu- 
tive committee actions require approval of the main committee before 
implementation. 

he technical work of the NCRP is carried out by 18 subcommittees. 
Of these, one committee is primarily responsible for the development 
of basic philosophy and basic protection guides. All of the other 
subcommittees dealing apdeifically with protection are engaged pri- 
marily in developing information necessary to accomplish the objec- 
tives as expressed by the basic guides. Since a substantial fraction 
of committees’ efforts deal with problems of radiation measurement 
and control it is not surprising to find a somewhat heavy weighting 
in the committee of physicists and health physicists. However, as 
indicated below, the overall competence of the committee’s members 
covers an extremely broad base. 

From time to time questions are asked about the committee makeup 
both as regards areas of competence as well as the source of technical 
members. 

At the present time, the committee includes approximately 150 
members including consultants. Of these, 9 are on the executive 
committee, 45 members of the main committee, and the remainder 
are on subcommittees. There is some overlap between all of these 
groups. 


Of the present main committee, the following membership distri- 
ution applies: 


Federal employees named by agencies_______-_-______--_----.---..- 
Federal employees as subcommittee chairmen named by NCRP__.- 
Members named by Army, Navy, and Air Force.._.-.-..---.---------- - 
“Mmployees of prime Government contractors. _..___.___. ...__------------ 

Nongovernmental NRE. ou oes... : = hive a helen aes 


54561 O—60-——_16 
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The participating organizations include: 
Six Government agencies (NBS, AEC, PHS, Army, Navy, 
Air Force). 
Thirteen nongovernmental organizations (2 more in process). 
For the committee as a whole, the NCRP members, including com- 
mittee members and consultants, are primarily associated as follows: 


Federal agencies (AEC, DOD, PHS, NRL, NBS, Labor, Mines)__--------- 33 

Prime Government contractors (ORNL, ANL, BNL, LASL, HASL, ete.)--. 21 

Nongovernmental organizations (universities, industry, private labora- 
tories, etc.) _ _-- . ; . 95 


The areas of competence of the members of the NCRP are given 
in the following table: 


TABLE 1|.—Areas of competence, NCRP members 


Actuarial statistics Mathematics 

Biochemistry Medical physics 

Biology - - - Medicine 

a ts Retell Mortuary science 

Pecwcmennees 0408 2 2 I ds 2s Nuclear medicine 

Cancer biology Oncology 

Chemical engineering 2} Pathology 

Chemical engineering and fuels Pharmacology 

technology Physical chemistry 

Chemistry Physics 

Commercial radio operator - - _ - - be Physiology 

Dentistry - ......-.- igktibihne te hie Political science 

Ecology Radiation biology - - - - - - ~~ - hE 

Electronic engineering Radiation biophysies_-_------- ~~ -- 

Electronics 3| Radiation dosimetry--_-_________- 

Embryology Radiation hygiene 

Epidemiology --------- -- = Radiation pathology 

SEES San ON lbs Shida sabnd Radiation safety 

Genetics (human) Radiation shielding 

Genetics (population) Radiobiology 

Gerontology Radiochemistr 

Health physies-_-------.--.-- ie bab Radiological physies 

Hygi 2| Radiology 

Industrial hygiene Regulatory codes 

Industrial medicine------_-__-__--- Safety engineers 

Isotope engineering Sanitary engineers 

Instrumentation and measure- PRatiatiegsi st. i453 c0 05 si 4iiss . 
Veterinary medicine 


There are, of course, many individuals having ine emp) compe- 


tence in several areas. Also, there are some areas where clear dis- 
tinction is difficult as, for example, health physics and radiological 
physics. This information was prepared about a year ago and the 
present picture may be slightly but not importantly different. 

Reports issued to date by the NCRP with the number of copies sold 
by the Government Printing Office are shown in table 2. 

In addition, there are about eight reports in various stages of 
completion. ‘These deal mostly with problems of radiation measure- 
ment. 

Since the Federal Radiation Council was established in 1959, the 
NCRP has worked closely with it and has in many instances supplied 
the council with information that the committee has had in process. 
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TABLE 2 
Hand- NCRP . Total sold 
book No. .~ Handbook title (October 1959) 
sNO. 
| 
15 1 | X-ray Protection (superseded by H-23)_..........----.--- 1, 596 
18 2 | Radium Protection (superseded by H-23)..........................._-|..... 
20 3 | X-ray Protection (superseded by H-41)_.............---..-2--... 16, 490 
23 4 | Radium Protection (supersedes H-18)__.......-..-.------- 10, 086 
27 *5 | Safe Handling of Radioactive Luminous eee bbckiaidddb bes 6, 187 
41 | 6 | Medical X-ray Protection up to Two Million Volts_............_____ 70, 261 
42 7 | Safe Handling of Radioactive Isotopes..................__..._..____. 51, 793 
@ hid i a. OT IO BL BO i es 0 ot 2 ee 4, 255 
48 8 | Control and Removal of Radioactive Contamination in Laboratories. 30, 480 
49 | 9 | Recommendations for Waste Disposal of Phosphorus 32 and Iodine 
Mati oe, MeRicel Rear ea. « cach ho <n ntntiieie dtat hindi ocbdinitinn it nssbed 21, 983 
OD bi nccdive- Hibben de asanbtih taedhet och taabeeasdstesene tot es. oo 16, 578 
51 10 | Radiological Monitoring Methods and Instruments..............____ 32, 621 
52 | 11 | Maximum Permissible Amounts of Radioisotopes in the Human 
| Body and Maximum Permissible Concentrations in Air and Water 
GOING WG FIG) 863 5 sts date ip nsiiitntn-psndbiddaed dibs 33, 125 
‘ 53 12 | Recommendations for the Disposal of Carbon 14, Wastes... ___ 11, 933 
. 54 13 | Protection Against Radiations from Radium, Cobalt 60, and Cesium 
| I OO cic eRe 22, 785 
55 14 | Protection Against Betatron-Synchrotron Radiations up to 100 
) Million Flectron Volts_._...... ot dbthabbbhhihn wa thten dbthilsebnb tbh aie 10, 241 
56 15 | Safe Handling of Cadavers Containing Radioactive Isotopes (super- 
2 seded Gp TG 565s ek A HL 14, 486 
y 57 j..- ob dhpinnatedheeuee baie etree dhe dite all donde « gahetiatime es eriuniaoei imine demninmee mina 11, 184 
i 58 16 | Radioactive-Waste Disposal in the Ocean_............... 10, 321 
59 17 | Permissible Dose From External Sources of Ionizing Radiation....__ 28, 633 
5 60 18 | X-ray Protection (revision of H-41)................----. 90, 818 
0 61 19 | Regulation of Radiation Exposure by Legislative Means__...._.____ re 
My’ |e + ng wan onc bvemenee qreaihaerteunneannenin aaamaa eee ee eta ee i , 580 
2 63 20 | Protection Against Neutron Radiation up to 80 Million Blectron 
1 POM, - 4 DE > chit oh bh dbbibln bibee-bébh- Uh dasaead ddsat deste 5, 213 
1 OF boon oh pian bemapnedebaratadins Match adesenthiiinh-ot se-setherrotnpestes tee 2, 731 
i 65 | 21 | Safe Handling of Bodies Containing Radioactive Isotopes (revision 
i ig | Of 1-86) ~~ -----0-ao-nannnnenssretennnersteannn-ere=teeenrennnnnnes 4 
D Jomwwcccene loop nm asnpe sghaemmmagsde cadences 4cdbotppapacedsocetict ens Tes » 
6 69 22 | Maximum Permissible Body Burdens and Maximum Permissible 
l Concentrations of Radionuclides in Air and in Water for Occupa- 
tional Exposure (revision of H-52)___ 2.02.2... -._-_ 7, 861 
l 72 | 23 | Measurement of Neutron Flux and Spectra for Physical and Bio- 
1 logtes! Appiipatiogss.-< <2) 5.255 ht a se AS 
5 73 24 | Protection Against Radiations from Sealed Gamma Sources 











RADIATION HAZARDS IN REALISTIC PERSPECTIVE ' 


(By Lauriston S. Taylor, Chief, Radiation Physics Division, National 
Bureau of Standards) 


That radiation in its many forms is of great value to man is not 
debatable. Likewise, that radiation can be received by man in harm- 
ful amounts is not debatable. The question as to whether or not 
there is some level of radiation exposure below which impairment will 
not result to man, is most decidedly debatable; and despite the enor- 
mous effort that has been directed to this point, we have no essential 
knowledge today, which we did not have some 10 years ago and that 
will lead to a specific answer to this question. We therefore assume 
with great prudence, but without proof, that any unnecessary exposure 
of man to radiation must be considered as harmful. Again, the degree 
of harm is completely undefinable for the levels of radiation to which 
tens of thousands of radiation workers have been exposed for the past 
several decades; we still do not have convincing proof of its deleteri- 
ous effects on the human system. 

We use radiation today for our health as well as for the promotion 
of our material welfare. As for our health, there is no question but 
that radiation used in medical diagnosis or therapy has been one of the 
important factors in the steady increase of our life expectancy. Even 


in many industrial applications, it is only fair to say that radiation 
adds another factor to our life extension by making possible the non- 
destructive inspection of the mechanical parts of such things as pe 


pipes, automobiles, and other engineering devices, the failure of which 
could otherwise be costly in terms of lives. 

Each use of radiation may entail some avoidable or unavoidable 
exposure of man to radiation. Thus, radiation can at the same time 
be of great boon to our health, and a possible destroyer of our health. 
The two concepts are obviously in conflict. A further conflict comes 
because, as we improve and expand our technology, we also expand 
the essential, or at least useful applications of radiation. With each 
new use, we may, assuming no threshold, also increase the overall 
risk to the population regardless of how small or whether or not we 
can, in fact, detect it. 

The problem of reducing or minimizing unnecessary exposure is 
one that has been under continuous study by the National Committee 
on Radiation Protection and Measurements and other groups for 
over 30 years. Without the efforts of this and similar or related 
groups, we would, without question, be exposing our population to 
much more radiation today than in fact we are at the present time. 
The development of radiation exposure criteria has in a sense been 
largely empirical. This empiricism results from the fact that at any 
of the occupational exposure levels used for the past 25 years, we sti 
have no reliable information showing a causative relationship between 
exposure and injury. Permissible exposure levels for radiation 


| Lecture at International Atomic Energy Agency, Vienna, Mar. 31, 1960. 
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workers have been pushed downward in several successive steps since 
they were first established in 1934. Each downward step has been 
dictated by a more acute awareness of the possibility of radiation 
hazard, and by expanding uses of radiation; each step to a lower level 
has been compatible with our ability to continué to use the radiation; 
each step has been made possible to a major extent by improvements 
in our technology and our industrial know-how. Whether the levels 
of today are sufficiently low or too low is something that cannot be 
answered solely on the basis of scientific information and judgment. 

We have to accept the fact that radiation uses entail certain advan- 
tages as well as possible harm to man. But until we can quantitatively 
evaluate the harm, we are forced to make subjective decisions as to 
what our acceptable radiation levels must be. 

Furthermore, we must be willing to accept the fact that certain 
procedures or operations are so essential to our overall health and well- 
being that we must at the same time be willing to accept some real 
risk to the persons so exposed. One could name many areas outside 
of the radiation field where such balancing of risk against gain is ac- 
cepted, in spite of the absence of the yardstick against which either 
can be measured. 

However, radiation presents a very special problem in that its uses 
can extend into the home, into industry, into practically every walk 
of life. Some of these uses must be regarded as more essential than 
others. If we accept this, and there may be no way of avoiding it, 
we must then be prepared for the possible control or apportionment 
of the degree to which man may be allowed to receive radiation from 
a wide variety of sources. 

The concept of apportionment carries some inherent difficulties. 
First, it imphes the division and assignment in just proportion of the 
whole of something—in this case an agreed overall amount of radia- 
tion exposure. Secondly, it implies that the division can be carried 
out equitably, and in accordance with a common and accepted measure. 


, BASIC PROTECTION CRITERIA PROBLEMS 


The establishment today of acceptable levels of radiation exposure 

is filled with many unknowns and uncertainties, the answers to many 
of which may not be available to us for decades or generations to 
come; but pending the development of this information, the NCRP 
has developed a system of radiation protection standards, or better, 
protection criteria, the use of which has unquestionably been of great 
value. Where it has been necessary to use balanced judgment in the 
setting of these protection criteria, the judgment has almost invariably 
erred in the direction of conservatism; that is, in the direction of 
increased rather than decreased protection. 
_ One can argue that leaning always in the direction of conservatism 
is an admission of the acceptance of a position dominated more by 
sentiment rather than by science—this could be a very dangerous 
position. So long as it is usually impossible to observe disease in 
true relationship to radiation, it may be safest to adhere to the model 
of “average man” or “average child” and develop a set of protection 
criteria that are at least consistent. 

In establishing protection criteria, we have two inn = fo of 

lomedical damage with which we have to contend. The first of these 
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would be somatic damage or damage to the ordinary body cells of the 
individual. The other damage would be called genetic damage or 
damage to the germ cells, through which our hereditary characteristics 
are passed on from one generation to the next. 


SOMATIC INJURY 


Somatic damage, if it occurs, is limited to the individual whose cells 
are injured. Here, except for very large exposures, very rarely en- 
countered, it has not yet been possible to see a causative relationship 
between the exposure and the injury. This does not necessarily mean 
that there has not been an injury. It may be that we simply do not 
yet know how to observe the injury.. The injury may in fact be so 
obscure as to have mainly an influence on the bifespen of the individual 
and even if this occurs there is no way of determining whether the life 
shortening was caused by radiation or by any of a thousand other 
effects which could have produced equivalent damage. Life shorten- 
ing itself is not sharply definable. 

Specific radiation effects have yet to be clearly demonstrated in 
radiation workers exposed for years to radiation levels up to the order 
of 50 times that of the background radiation with which they live 
anyway. But the population of radiation workers is relatively small, 
probably less than a quarter of 1 percent of the whole population. If 
the entire population were exposed to the same levels of radiation, it 
might be possible to observe some change in the disease and death rate 
produced by radiation. For example, if the incidence of some disease 
that could occur naturally as well as from radiation was 6 per 100,000 
radiation workers, the total for all radiation workers in the United 
States would be less than 30 and this would be difficult, indeed to de- 
termine by any statistical means at our disposal. On the other hand, 
for the entire population, the same incidence would result in some 1,200 
cases and by sampling a large segment population, it might be possible 
to detect these. Even this is not certain because every discase known 
to be produced by radiation can also occur naturally from other causes 
not related to radiation. 

Leukemia may be taken as a case in point. It is known that 
leukemia can be caused by radiation and there is some evidence of a 
statistical nature of a causative relationship between fairly highlevels 
of radiation exposure and incidence of the disease. On the other 
hand, the present incidence of leukemia is very low in the normal 
population (7 per 100,000) and any increment caused by exposure to 
manmade radiation at best is only a very small fraction of the other- 
wise normal incidence. (In case the incidence of leukemia in the 
animal has any relationship to that in man, it is worth noting that its 
incidence in cattle bears little relationship to radiation exposure and 
moreover appears to be geographically very spotty.) 


GENETIC INJURY 


Genetic damage is much more subtle than somatic Saleen. For 
a 


one thing, the damage cannot evidence itself in the individual who is 
exposed. The effects of the original damage come only. in succeeding 
generations and only in a small percentage in each generation. Like 
somatic damage, the genetic aberrations can also occur for many 
reasons unrelated to radiation exposure. In fact, it is believed at the 
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present time that only about 5 percent of the total genetic damage in 
man is produced by radiation in the natural environment to which he 
has been exposed throughout time; natural background radiation ac- 
counts for nearly half of man’s exposure from all sources. 

Genetic damage transmitted through our procreative process 
naturally becomes more and more difficult to locate in successive 
generations. It can, therefore, be detected only by very sophisticated 
statistical means and for this reason when considering radiation ex- 
posure, it is necessary to consider the average exposure of the whole 
population rather than the exposure of any given individual. The 
overall genetic picture is essentially unaffected by some people having 
relatively large exposures while others have virtually none at all. 
Any variations quickly disappear in the normal breeding of man, but 
it is, of course, important to the offspring of those exposed. 


RADIATION EXPOSURE CRITERIA 


As pointed out many times and over many years, the establishment 
of radiation protection criteria must, to a considerable extent, be sub- 
jective until it is possible to detect and understand the effects of ex- 
posures at very low levels. It is difficult for our criteria to be on 
any basis other than subjective. On the other hand, we have had 
many years of experience with radiation workers exposed at permis- 
sible levels who have failed to show causative relationships between 
dose and effect. Present occupational exposure criteria appear to be 
acceptable, and one has difficulty in seeing any quantitative basis for 
changing them either upward or downward at the present time. 

There is considerable experience of a somewhat qualitative nature 
involving the many radiologists who have unquestionably been ex- 
posed to total amounts of whole-body radiation considerably higher 
than considered acceptable today, and yet who have not suffered any 
noteworthy deleterious effects, causatively related to their radiation 
exposure. While less quantitative than the experience with radium, 
it can at least be said that the overall effects of radiation on radiol- 
ogists has not been catastrophic. There is some evidence for a 
possible small increase in the incidence of leukemia. 

Maximum permissible exposures for the population at large being 
set at one-tenth of those for radiation workers, must of necessity in- 
volve not more than one-tenth of the risk to the individuals in the 
same age bracket. On the other hand, exposure of the entire popula- 
tion including those in the childbearing age, to this maximum level is 
probably both somatically and genetically unacceptable, although this 
remains to be proven. 

Up to a point, it may be said that the exposure criteria both for 
radiation workers and for the population at large are based on observa- 
tion; in fact, they are based on the observation of our present inability to 
detect deleterious effects. One cannot, however, accept with anaes 
assurance that this is an entirely satisfactory basis for the establish- 
ment of permissible dose levels. . 


SPECIAL PROBLEMS OF INTERNAL EMITTERS 


The problem of radiation exposure from internal emitters, is vastly 
more complicated and less well understood than exposure from external 
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sources. The basis for the establishment of a permissible dose from 
internal emitters goes back to the levels chosen for whole body ex- 

osure to adauet. radiation and for which no observable effect has 

een found. Since the individual cell has no way of distinguishing 
between the sources of radiation that may damage it, it can probably 
be said with reasonable assurance that the effects of a given dose 
would be the same whether from internal or external radiation sources. 

The acceptability of this approach is borne out, at least in part, 
by experience with radium del workers, where the radioactive ma- 
terial was deposited in the bone throughout the body. The original 
penneeenne level was set at 0.1 wg. The total body burdens of radium 

ave been recently evaluated by various means and it has been es- 
tablished that when the amount is less than 0.4 ug there are no ob- 
servable deleterious effects on the individual. It has also been deter- 
mined that a total body burden of 0.1 yg will, in fact, deliver a dose 
twice as large as we consider acceptable from external sources. On 
this basis and using an RBE of 10, the basic external exposure criteria 
includes a safety factor of at least 2. 

The difticulties with the problem of internal exposure arise in the 
matter of how to measure and control it. For only a few radio- 
nuclides is it possible to determine the amount of radioactive material 
deposited in the body. We are thus compelled, as in many other 
indestatal hazards, to control the body content by the amount that is 
allowed to get into the body by one means or another in the first place. 
In the case of radioactive material, there are many and serious pitfalls 
lying between the basic requirement of holding the dose to a given 
permissible level and prescribing the criteria by which the body intake 
may be controlled. 

Let us assume that the permissible whole-body exposure, for external 
radiation is reasonable and acceptable. The next step is to determine 
the body burden; i.e., the amount of radioactive material of which, 
when distributed in the whole body, will result in the permissible dose 
level. Theoretically, it is possible knowing the amount of location of 
radioactive material in the body, to calculate the dose arising from 
this foreign material. The accuracy with which this can be ac- 
complished probably depends to a major extent upon the degree of 
effort we wish to put on the problem together with the sophistication 
of our overall approach. 

A much more difficult step is involved in determining how the radio- 
active material distributes itself in the body after having once entered 
by means of food, water, andair. A still more difficult step is involved 
in determining the amount or concentration of material in food, air, or 
water that will in turn determine the amount that is absorbed by the 
body. The very definition of a permissible intake involves so many 
assumptions and uncertainties at the present time that the whole 
procedure is open to question. It is true that there are many bits of 
evidence on certain radionuclides in certain physical and biological 
conditions that contribute to our information on this, but, the total 
lack is much greater than our total knowledge. 

Another large and uncertain step is the translation of a given con- 
centration in air or water to an actual intake and retention by the 
body system. This depends on many physical and physiological 
factors about which little is known. One factor of probably great 
significance and about which little is known, may have to do with the 
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hysical size of the particles of radioactive material that are contained 
in the intake material. For example, it may well be that fairly radio- 
active particles of large size may, be swept mechanically through the 
system and be quic eliminated, whereas, less active particles of 
much smaller size would be absorbed almost in toto. 

It is because of these large uncertainties that protection committees 
do not like to see maximum permissible concentrations referred to as 
basic protection criteria. They would better be called something such 
as ‘radioactivity concentration guides’? (RCG).? At the very best, 
they are derived protection criteria containing so many uncertainties 
as to render them almost meaningless under some -circumstances. 
With existing knowledge, it is almost impossible to say whether the 
RCG’s are too high or too low. Yet at the same time, they have to 
be accepted in lieu of anything better. The chances are, that if they 
err, they err on the conservative side. One reason for this is that in 
each of the successive steps mentioned above, where there has been a 
choice or a need for the exercise of judgment, the choice has been in 
the conservative direction. This may have occurred several times 
throughout the process of calculation and may lead to the very real 
possibility that the final result has been made grossly overconservative 
in some instances. There are probably very few instances where the 
final result is likely to be seriously underconservative. 


SINGLE ORGAN DOSE 


The problem of determining permissible exposures for single organs 
has one or two possibly simplifying factors but still contains all of the 
uncertainties mentioned above. In general, it is reasonable to suppose 
that if only one organ is exposed, the effect on the whole system will 
not be as serious as if the whole body including that organ were 
exposed to the same level. For this reason, the permissible dose for 
many single organs, is three (or more) times greater than the permis- 
sible level for the whole body. 

Even here there is a large uncertainty that has to do with the essen- 
tiality of a particular organ to the overall functioning of the body. 
Very little is known as to how damage to any one of the many body 
organs can influence the whole system. In general, it is probable that 
the current permissible levels for single organs are substantially more 
conservative than those for the whole body, but a vast amount of 
research remains to be done before this can be clearly established. 


CHRONIC VERSUS ACUTE EXPOSURE 


There are further complications with regard to the use of the present 
ay concept of maximum permissible concentrations. Let us assume 
that the processes involved in all of the above-mentioned steps are 
fairly well understood. There remains the further difficulty, as to 
whether the exposure to the radiation is distributed over long periods 
of time at a low level or over rather short periods of time at higher 
levels; namely, the differences between chronic and acute exposure. 
Present day maximum permissible concentrations are designed 
prmarily for occupational exposure conditions, and are calculated on 
“? For more detailed discussion of this see articles by L. 8. Taylor in the Joint Committee Atomic Energy 


hearings; (1) Employee Radiation Hazards and Workmans Compensation (1959), pp. 41-46; (2) Fallout From 
Nuclear Weapon Tests, Volume 2 (1959), pp. 1737-1760. 
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the basis of essentially continuous exposure over a period of approxi- 
mately 50 years. For short-lived isotopes, the concentrations are 
calculated in such a way as not to permit the buildup of an equilibrium 
body burden exceeding the permissible amount. In the case of 
radionuclides whose life is long in comparison with 50 years, the 
concentrations are designed so that the maximum permissible body 
burden and dose rate will not be reached until the end of the 50-year 
—. This appears to be an obvious inconsistency, but it has not 
een easy to find a simple way around the difficulty. 


RECOVERY FACTORS 


Now in any exposure, whether it be chronic or acute, it is reasonable 
to assume that for somatic damage, there is some element of recovery. 
Furthermore, on the basis of medical experience, it is reasonable to 
assume that the chances of recovery are better, the lower the dose 
rate or the total dose. Medical experience also indicates that while 
there may be substantial recovery, it is never total. In other words. 
there may always be a small fraction of residual damage. 

Currently, it is believed, again on the basis of medical experience, 
that if a nonlethal, acute exposure is followed by essentially complete 
absence of exposure, the body will eventually recover all but about 10 
percent of its original vitality. Recovery also depends upon the 
continuity of the exposure. A given dose delivered in successive 
exposures with intervals between will be followed by more rapid 
recovery than the same dose delivered in a single exposure. It is 
very likely that recovery from exposures in short bursts followed by 
periods of nonexposure will be greater than exposures at the same rate 
sustained continuously. On the other hand, it is also believed that 
the damage may increase with the dose rate and that hence the 
ultimate recovery may be somewhat higher from low dose rates than 
from high dose rates. 

From the above discussion, it would appear to be reasonable that 
exposure of the population at levels one-tenth of those designed for 
radiation workers may be overly conservative if the public, instead of 
being continuously exposed, only receives exposures near the permis- 
sible levels on occasional or infrequent intervals. Even fairly large 
single exposures may be accepted with the expectation of a satisfactory 
degree of recovery. Some limited experience at Windscale, for ex- 
ample, has shown that individuals have received large single exposures 
to radioiodine without early observable deleterious effect; there may 
be latent effects. 

Other well-established areas of conservatism have been the assump- 
tions (1) that there is no threshold of radiation effect; and (2) that 
radiation effects are linear with exposure down to zero exposure.’ 
There is no sound proof that these assumptions are correct but in 
absence of contrary indications they have been chosen—again in the 
atmosphere of conservatism. 

On the other hand, on the basis of our present inability to observe 
radiation effects for low doses, we almost have to accept the fact that 
there may be “practical thresholds’’ to radiation exposure. In fact, 
it is somewhat upon this premise that the present permissible exposures 
for radiation workers have been set at levels below which no deleterious 


3 “Somatic Radiation Dose for the General Population,” Science 131, pp. 482-486, February 1960. 
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effects have been observed; according to all indications the levels are 
substantially below any “practical threshold” which may exist. For 
example, in the case of radiation-induced leukemia, there appears to be 
no information at the present time causatively relating a single case 
of leukemia with an exposure of less than 75 roentgens. For the time 
being, then, we might accept a practical threshold of the order of, say, 
50 roentgens. Certainly, if we use such a concept we would not be 
subjecting the population to any overt insult by setting the permissible 
exposure criteria so as to assure that their total dose did not exceed 
this value. 

The discussion above relates primarily to damage to the individual. 
In seeking to control the individual exposure, it is reasonable to set 
the mazimum at the practical threshold level. However, to assure 
that few if any people exceed this maximum, it is desirable to use an 
average value for the whole population which is substantially lower 
than the maximum. A difficulty arises here because whereas it may 
be possible to measure a maximum for individuals in the population, 
it is virtually impossible to clearly measure or even establish what the 
average will be. Therefore, for control purposes, we will have to deal 
maximum values whereas for planning purposes it is reasonable to 
deal with expected averages that may result from use of the maximums. 


COMPARISON OF RADIATION 





EXPOSURE SOURCES 


Against the possibility that it may be desirable to regulate the 
uses of radiation in accordance with the exposure that each gives to 
the population, it may be of interest to examine some of the radiation 
sources and consider the problems that their use implies. Aside 
from the environment, man’s radiation exposure may arise from two 
principal kind of sources. The first of these might be X-rays such 
as used in medicine, industry, and research; the second would be 
radionuclides in similar or other applications. X-rays are different 
from other sources of radiation in one, important respect; namely, 
when they are not desired they may be turned off. _ This is in contrast 
with radiation from radionuclides, whether natural or artificial; radi- 
ation from such sources continues indefinitely although losing half 
ye strength in times ranging from fractions of a second to millions 
of years. . 

_ A body exposed to radiation from external sources ceases to be 
uradiated as soon as it or the sources are removed or the source 
turned off. Irradiation from radioactive material within the body of 
course continues to irradiate the tissues until the material either 
decays to inconsequential levels or is by some means removed from 
the body. 

The human system is exposed to natural sources of radiation 
arising principally from cosmic rays from outer space, radioactivity 
in the earth and radioactivity within the body itself. Radioactivity 
within the body gradually increases because of the extremely sma 

ut continuous intake that occurs in food and water. There can be 
very wide variations in the radiation exposure received from these 
natural sources. For example, in -the Midwest certain essential 
water supplies in some areas contain radium at levels approaching 
those considered permissible for manmade radiations. There are 
also areas in the country where the earth has much higher than normal 
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content of radioactive material with a consequent increase in external 
exposure and probably also an increase in the amount of radioactive 
material that is taken into the body through the food grown in these 
areas. In the normal surface soil in the United States, each square 
mile in a layer 1 foot thick will contain some 3 tons of uranium, 6 tons 
of thorium, and 1 gram of radium. 

Exposure to radiation varies with altitude because of the increased 
intensity of the cosmic rays; for example, at an altitude of 5,000 feet 
(Denver, Colo.) the cosmic ray exposure is about 24 times that nor- 
mally received at sea level. In certain areas there may well be com- 
binations of all of these factors resulting in continuous exposure of 
the population to levels very substantially higher than those presently 
regarded as permissible. 

he increase in radiation exposure at the very high altitudes now 
being flown by airplanes can give many times the dose otherwise 
received from cosmic radiation; at 35,000 feet the dose would be 
nearly 100 times that at sea level. This may be slightly offset by the 
fact that the individual at such an altitude is away frei the earth 
where he would otherwise be receiving radiation exposure from the 
uranium, radium, and thorium in the soil. At an altitude of about 
18,000 feet the cosmic ray dose would be about equal to the dose from 
earth radiation. 

Because of the normal environmental variations, it is quite possible 
to have individuals or population groups exposed at levels substan- 
tially outside of the ranges being discussed as permissible ‘for manmade 
radiation. Exposure varies with the mode of living, and people spend- 
ing a considerable fraction of their time in certain kinds of stone homes 
or granite office buildings, may be receiving radiation exposures again 
outside the range being discussed as permissible for manmade 
radiation. 

No one is immune from environmental radiation exposure to some 
degree or another, but in addition, our technological advances have 
caused us to bring radiation and radiating devices into industry as 
well as into the home in various forms which cannot be regarded as 
completely inconsequential. Each television set produces its small 
quota of radiation; by itself this dose is not important but averaged 
over the whole population and taken with many other sources, it is 
one that cannot be totally neglected. 

The average gonadal dose to the population from TV receivers is 
roughly the same as that from fallout. T he following rough tabulation 
will serve to give a little perspective as to the average population ex- 
posure to other common sources of radiation: 

Radioactive watches and clocks________- - 1-plus percent of natural background. 


Shoe-fitting machines__-_...._.-__-_._- 0.1 percent of natural background. 
Television receivers 3 percent of natural background. 


Fallout Do. 

These various sources of radiation exposure (and a score of lesser 
ones not listed) must be examined in relation to their importance to 
our health and well-being—their importance must be questioned. 

From this point of view, it may be interesting to consider one or 
two examples. Take the exposure from luminous timepieces: 

There is a real question here as to the necessity of this type of ex- 
posure, and most people will probably agree that not more than a 
very small fraction of the luminous wristwatches are necessary, in that 
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there are compelling reasons for bein 


able to read them in the dark. 
There could be a slightly more slentible need for the luminous dial on 


the alarm clock by the bed, although even here it could be argued that 
a person with insomnia would be Letter off were he not able to keep 
close track of how slowly time was passing. Other devices containing 
radioactive material are commonly found in the household; for exam- 
ple, the luminous button on the light switch or the light cord, luminous 
markers of stair treads, radioactive static eliminators for removing the 
dust from phonograph records, radioactivity in light meters used for 
, purposes, and many other such things used in varying 
egrees. 

Another interesting source of radiation in the home may be in the 
yellow glaze on certain of the ceramic tiles, such as used in the bath- 
room or kitchen. These contain substantial quantities of uranium 
and occupancy of a room lined with such tile can easily produce 
radiation exposures near or above the permissible level for continuous 
occupancy. 

Of course, this is an example of where the occupancy is very unlikely 
to be continuous but, on the other hand, the contribution of the dose 
from this source added to all others is one that perhaps should be 
questioned. 

One source of unnecessary radiation which fortunately appears to 
be fast disappearing in this country is the X-ray shoe-fitting fluoro- 
scope. This is a clearcut example of a use of X-rays that serves no 
useful purpose. The most that can be said for such radiation exposure 
is that it can prove to ‘you that your foot is in the shoe. 





ESSENTIAL RADIATION USES 


A listing of essential radiation uses is more extensive than non- 
essential radiation uses because of enormous ramifications in the appli- 
cations of radiation in industry, medicine, and research. Un- 
doubtedly, the most important and essential uses of radiation either 
in the form of X-rays or radiation from radioactive materials are in the 
medical field. Here, if properly and wisely used, X-ray diagnosis 
and treatment can protect or restore our health. 

Industrial uses of X-rays as well as sealed radionuclides are essential 
in the nondestructive testing of critical components of machinery and 
the products of machinery, particularly where the safety of the part is 
essential to the safety of the user. Industrial uses of X-rays paged 
result in a greater output of radiation than all of the medical uses 
combined. However, there is fortunate advantage here in that under 
most circumstances adequate shields can be constructed so as to main- 
tain the exposure of the workers at extremely low levels. 

The development of nuclear energy may present much greater and 
more widespread problems. Beginning with the first stages of ob- 
taining fissionable material from which nuclear energy is obtained, 
there may be severe problems, as for example, the mining and milling 
of the radioactive ore. At the other end of the chain will be the 
me attendant upon the storage or disposal of radioactive wastes. 

here are many circumstances at the present time where the efficient 
mining of radioactive ore cannot be carried out without exposing the 
workers to levels of radiation that may well be above the current 
RCG’s. Granting the necessity of the development of nuclear power 
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for peaceful purposes, we have here a situation where strict adherence 
to present occupational exposure levels could deny us the possibilit 
of mining the basic material in the first place. In recognition of this 
situation, it may be necessary to permit higher exposures to the 
miners, to compensate them accordingly, and to provide special care 
and attention for them in the event they accrue any disease which 
could be reasonably ascribed to this exposure. 

Decisions governing this type of situation will be very difficult 
indeed, and cannot be made solely on the basis of scientific information. 
Here we have a socioeconomic question that must be decided on the 
basis of necessity, and a willingness to compensate for the extra risk. 

Virtually any use of radiation for the production of power and 
radioactive byproducts, of necessity involves the disposal of radio- 
active wastes that cannot be put to any other useful purpose. Up to 
the present the greater fraction of this waste produced by our large 
atomic energy plants has simply been put in storage, but as time goes 
on, and the use of nuclear energy increases, this procedure will prob- 
ably cease to be practical. Disposal in the ground, unused deep 
mines, oceans, and rivers all entail problems and risks that must be 
evaluated. It is probable that the risk cannot be eliminated com- 
pletely in the long run, even though today it may be quite negligible 
except in very localized spots. 


APPORTIONMENT OF RADIATION USES 


From the preceding discussions, it is not difficult to understand why 
authorities responsible for radiation control may find themselves 
thinking about the apportionment of radiation uses or the assignment 
of quotas for different classes of radiation use. However, there are 
severe limitations as to the fraction of man’s total exposure that can 
be apportioned. Natural background must of course be excluded; it 
amounts to roughly 40 percent of our total exposure as of today. 

Medical exposure cannot be assigned a quota; in spite of causing 
about 50 percent of man’s exposure, its benefits so far outweigh the 
concurrent risks, if any, that it must be applied as required. How- 
ever, there must be a continuing effort to eliminate unnecessary 
medical exposure and to further improve techniques leading to ex- 
posure reduction wherever possible. 

The remaining 10 percent of man’s exposure today derives from all 
other man-made radiation sources. 

All protection bodies have recommended an overall upper limit for 
the genetic exposure of the whole population of 10 rems average-per- 
capita dose up to age 30, in addition to natural background. The 
NCRP has expressed this as 14 million man-rems per million of popu- 
lation up to age 30, including background radiation. At present, the 
total exposure is probably some 4 to 5 million man-rems below the 
ceiling. This is equivalent to the 5-rem average per capita genetic 
dose suggested (not recommended) by the ICRP. 
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The ICRP has given an illustrative (not recommended) breakdown 
of a way in which the 5-rem genetic dose might be apportioned: 


Rems 
A. Occupational exposure --__--------- $A sO. OCHOA AES, BAR SS 1.0 
B. Exposure of special groups__---.-. ----- Jj -wolleiocses sw. las or 5 
C. Exposure of population-at-large--_-.-.........-.----.----.-- ..---- 2.0 
Reserve _ - _--.--- slender Sa ili cack UE ee ile ad = einai tte ea 15 
Bees) Bi 0 HAN AY. BOLO. ATI a Bots Bag 


But the ICRP has made it abundantly clear that any actual appor- 
tionment will depend upon special circumstances and must be left to 
individual countries. 

It is believed that in the United States today the total exposure of 
the population, in addition to that from natural background and 
medical uses, is not more than 10 percent of the “allowed” genetic 
dose. This is divided roughly equally between exposure from oecupa- 
tional sources, nuclear wastes, fallout, and household uses (TV 
receivers, watches, etc.). Much less is known about the significant 
somatic dose but it is probably not very different from the genetic dose 
either in magnitude or distribution. 

In the light of this, the argument for apportionment or the assign- 
ment of quotas to different classes of exposure appears to be solaertiat 
academic for the immediate future; this may, of course, change. But, 
in view of the overall lack of detailed knowledge about radiation 
effects, there appears to be little urgency for subdividing and rationing 
what amounts to only a few percent of the total radiation exposure of 
the population. One can, and perhaps should, continue to think 
about apportionment so as to be prepared if and when the necessity 
arises; it will at least help to sustain the pressure to retain radiation 
exposure at the lowest levels possible, consistent with the needs of 
health and well-being. 

There is one danger to which attention should be directed if, today, 
we were to adopt the example given by the ICRP. The adoption of 
it or any similar scheme would be very tempting to pressure groups, 
who might be led to feel that since there was some unused portion of a 
quota or a “reserve,”’ they might seek to expand certain rodietiad uses, 
regardless of necessity. But without any quotas there will have to be 
special vigilance on the part of top-level authorities to be certain that 
no class of usage gets dangerously out of line in relation to the total 
national needs. 

With our knowledge today, there is really no sound basis upon 

which to establish an acceptable population dose which can then be 
apportioned among the various needs. Perhaps to avoid deluding 
ourselves, we should simply choose a number of convenient size, 
always with the idea that if the number turned out to be too large 
or too small, it could be adjusted accordingly. It would probatity ie 
well to choose a number that was likely on the low side —attempting 
its apportionment could lead to challenges that might ultimately 
reduce radiation exposure. 
_ If the number is too small, it can be raised as needed. This in 
itself might also have its good influence, in that it would start to 
condition the public to the idea that allowable radiation exposures 
might have to be increased. 
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If it can be agreed that some amount of radiation exposure is 
acceptable by the average man, in return for the gains to that average 
man, assurance must be provided that there is a reasonable relation- 
ship between each increment of gain and each increment of exposure. 
For example, we cannot allow the medical uses of radiation to use up 
all of man’s quota of exposure to the exclusion, say, of the develop- 
ment of nuclear power. The day will come when nuclear power will 
be critical to his survival. No more can we use up his quota through 
the development of nuclear power to the exclusion of the medical uses 
of oo amma These two examples possibly represent upper extremes 
in value. 

It will be especially important to scrutinize carefully the obviously 
less-essential uses to determine whether the risk that they entail is 
worthwhile in comparison with the advantages they provide. For 
example, it would not appear to be wise to curtail the development 
of nuclear power in order that we may have more beautiful but radio- 
active bathroom tiles. 

Today the overall situation is probably not very bad nor is it likel 
to become very bad in the lifetime of most of us. On the other hand, 
we have a deep moral responsibility to make certain that the problem 
does not become a critical one for those that follow us. We are thus 
inescapably compelled to consider, and consider carefully, the question 
of tite koa tan e uses of all radiation sources whatever, to be certain, 


first, that any level we set is not seriously exceeded and, secondly, to 
be certain that no one source causes us to use up our exposure allow- 
ance at the expense of other uses which may in fact be more ess ential 
to our overall health and well-being. 
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HISTORY OF THE INTERNATIONAL COMMISSION ON 
RADIOLOGICAL UNITS AND MEASUREMENTS (ICRU) 


(By Lauriston S. Taylor:') 
(Received March 31, 1958) 


Abstract.—The International Commission on Radiological 
Units and Measurements was established in 1925 by the 
first International Congress of Radiology and since that 
time has established the units that are used in radiation 
dosimetry. The roentgen was introduced in 1928 and the rad 
in 1953. Since 1953 the Committee’s activities have 
broadened substantially and in its most recent studies pro- 
vided much of the technical information and background 
necessary for the practical interpretation of radiation dose 
in terms of the rad. This report covers the work of the Com- 
mission as it has developed since its formation over 30 years 
ago. 

1. FORMATION 






Tue ICRU was formed in 1925 under the auspices of the First Inter- 
national Congress of Radiology, then meeting in London. The single 
factor having the most bearing on the formation of this Commission 
was the absence of any units of radiation d for use in therapeutic 
application of radium and X-rays. Up to that time, several units 
had been proposed and were in use in various countries but there was 
no international acceptance of any one of them. 






















2. MODE OF OPERATION AND HISTORY 


In its initial formation, the ICRU consisted of two representatives 
from each of the countries participating in the Congresses of Radiology. 
Of these two members, one was expected to be a physicist and one a 
radiologist. In practice, about three-quarters of the members were 

rimarily radiologists. Meetings of the ICRU were held during the 
nternational Congress. The continuity of the Commission and the 
arrangement of meetings, agenda, etc., were in the hands of a secretary 
selected from among the Commission members. The meetings of the 
Commission were presided over by one or two honorary chairmen 
who were usually people of substantial scientific or radiological repu- 
tation from the country in which the meeting was held. Occasionally 
there were also honorary secretaries having no defined responsibilities. 
In general, these honorary positions were filled by persons having 
little or no contact with the radiological field and hence were honorary 
in the strictest sense of the word. 

"Chairman, ICRU 1953-80. 
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Since there were of the order of fifty countries participating in each 
International Congress, the rules of the Commission permitted as 
many as a endred members, but many countries made no attempt 
to designate members and the largest number meeting at any one 
time was forty-one. With such a large membership, it was extremely 
difficult to carry out the Commission’s work; it usually developed 
that some eight or ten persons carried the load. On the other hand, 
many countries felt they should have a voice in the matter, with the 
result that there was an enormous amount of useless discussion at 
each of the meetings. 

Formal minutes of the meetings were not kept. It was considered 
that the report released by the Commission constituted its findings 
as well as its minutes. 


1925 


At the first ICRU in London, a series of papers relating to X-ray 
dose measurement were presented. (1) Following the discussion of 
these papers a resolution to study the question of X-ray measurement 
was passed, and a committee was appointed to nominate an inter- 


national committee for this purpose. (2) The nominating committee 
included the following: 


Sir W. Bragg. 

Prof. F. Hy oped: 
Dr. E. A. Owen. 
Mr. C. E. S. Phillips. 
Prof. A. W. Porter. 


Prof. S. Russ. 
1928 


The second meeting of the ICRU was held in Stockholm in 1928 
at. which time there were about forty members present. At. this 
meeting, the Committee adopted the definition of a unit of “X-ray 
intensity” known as the roentgen. (3) This was an extremely impor- 
tant step forward and for the first time it was made possible to measure 
radiation in all countries in terms of the same unit. This unit has 
continued in use to the present time with various modifications in 
definition, but only minor changes in magnitude. 

A resolution adopted in 1928 included the statements: 

“(1) That this international unit be the quantity of X-radiation 
which, when the secondary electrons are fully utilized and the wall 
effect of the chamber is avoided, produces in one cubic centimeter of 
atmospheric air at 0° C and 76 cm mercury pressure, such a degree of 
conductivity that one electrostatic unit of charge is measured at 
saturation current. 

“(2) That the international unit of X-radiation be called ‘the 
Réntgen’, and that it be designated by the small letter ‘r’.”’ 

The membership of the ICRU in 1928 is not known. 


1931 


The third meeting of the ICRU was held in Paris in 1931 at which 
time thirty-nine members were present. (4) The following recom- 
mendations were made: 7 

(1) The International Unit of X-radiation shall be the quantit 
which, when the secondary electrons are fully utilized and the wai 
effect of the chamber is avoided, produces in 1 cm* of atmospheri¢ 
air at 0° C., and 76 cm mercury pressure, such a degree of conductivity 
that one electrostatic unit of charge is measured at saturation current. 
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(2) The International Unit of X-radiation shall be called the 
“roentgén” and shall be designated by the letter ‘‘r’’. 

(3) The “intensity” of the radiation shall be expressed in r/sec. 

Between the 1928 and 1931 meetings, international comparisons of 
X-ray standards were carried out, one in 1928 by H. Behnken, using 
a portable thimble chamber, and one in 1931 by L. S. Taylor using a 
portable primary standard. As a result of these intercomparisons, 
the ICRU, in 1931, recommended that the National Standardizing 
Laboratories establish agreement on the general characteristics of 
primary X-ray standards and of the radiation quality ranges over 
which these standards were to be used. (5) This then marked the first 
time that there was substantial agreement regarding the basic char- 
acteristics of primary radiation standards. e Committee further 
recommended that: 

(1) The experimental methods of establishing a standard for the 
determination of the International X-ray Unit shall be entrusted to a 
subcommittee consisting of the following members of the Units Com- 
mittee: M. de Broglie (France), W. Friedrich (Germany), E. A. Owen 
(Great Britain), R. Sievert (Sweden), 1. Solomon (France), E. Pugno- 
Vanoni (Italy), L. S. Taylor (U.S.A.); (Honorary Secretary of the 
Committee, if A. Owen). This Committee shall invite the collabora- 
tion of the various existing national bureaus for standard measure- 
ments and also those about to be instituted. 

(2) This Committee shall consider: (a) methods of controlling the 
constancy of dosage meters; (b) the correlation of X-ray and y-ray 
dosage ; 6 the establishment of a y-ray unit of intensity. 

(3) The progress of the work done by the subcommittee shall be 
reported once a year to the members of the International X-ray Unit 
Committee. 

(4) Each country shall be requested immediately to elect its two 
representatives on the International X-ray Unit Committee; until 
new representatives are elected the present members shall serve. 

(5) The International Committee shall henceforth be called ‘“The 
International Committee for Radiological Units.” 

Thus, beginning in 1931, in addition to the members designated by 
the member countries of the Congress, the Commission also included 
in its membership representatives designated by each of the recog- 
nized National Laboratories. At the time, this included the National 
Laboratories of England, Germany, Sweden, and the United States. 


Date and place of meeting Members Officers 
presen 

















1925, London.._............... ? | E. A. Owen (United Kingdom), Secretary. 
1928, Stockholm. ___.._..._._.- 40 | E. A. Owen (United Kingdom), Hon. Secretary. 
H. Holthusen (Germany), Secretary. 
BE iietwhoryace~sinconece 39 s ore nited Kingdom), Hon. Secretary. 
: usen " . 
1984, Zurich... 33 z 4. poe (United Kingdom), Hon. Secretary 
e 0) 
1967, Chieago.................- 41 | L. 8. Taylor (United States 
WR... nnn ce 13 | W. V. (Uni ), Chairman. 
L.8 as (United States \ 
1953, Copenhagen.____________ 12 wv. ; wares m), Chairman. 
. aylor . 
1956, Geneva... .......-..-... 111 | L. 8S. Taylor (United States), ‘ 
w.t. a (Netherlands), Secretary. 
1957, Geneva (with ICRP)__-- 6 | L. 8. Taylor (United States), Chairman. 
R. Sievert (Sweden), Co-chairman. 





‘Main Commission only; 11 subcommittee members and 5 subcommittee consultants were also present. 
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At the same time, it became evident that the large size of the 
ICRU made its deliberations unwieldy. It was therefore proposed 
that the continuity of program and the direction of the technical 
discussions be placed in the hands of a small group known as the 
Executive subcommittee. This arrangement was put into effect at 
the following meeting. 


1984 


The fourth meeting of the ICRU was held in Zurich and St. Moritz 
in 1934, and was attended by thirty-three members.(6) At the outset 
of this meeting it was decided to establish an Executive subcommittee 
for the purpose of formulating the technical program for subsequent 
consideration by the whole committee. This plan, put into effect 
at the Zurich meeting, proved to be very effective, and the first set of 
preliminary operating rules for the ICRU were formulated.” These 
were as follows: 

(1) The International Committee for Radiological Units shall be 
constituted by two representatives from each country sending dele- 
gates to the congress. When a country has a central X-ray standard- 
ization laboratory, it may in addition send a representative of that 
laboratory. Of the representatives from a single country at least 
one must be a radiologist, and one a physicist. 

(2) There shall be a standing Subcommittee of the International 
Committee for Radiological Units consisting of six members including 
the chairman. 

(3) The subcommittee shall elect its own Chairman and Secretary 
from amongst its members. 

(4) The Subcommittee shall report on the progress of dosage- 
measurements and prepare the program to be submitted to the Main 
Committee. The report shall be published and circulated to members 
q the Main Committee at least six months before the meeting of the 

ongress. 

The first executive subcommittee consisted of: 

I. Soloman (France) Chairman 

L. S. Taylor (United States) Secretary 

E. A. Owen (United Kingdom) 

H. Behnken (Germany) 
E. Pugno-Vanoni (Italy) 

R. Sievert (Sweden) 

For the first time the ICRU report carried some recommendations 
relative to the clinical measurement of dose, and the calibration of 
dose-meters. Also the ICRU recognized the agreements of the 
National Laboratories on X-ray standards.(7) The section on clinical 
measurement follows: 

(1) Dosage measurement shall be made in roentgens. Dosage rate 
shall be expressed in r/min. 

(2) All dosage measurements shall distinguish between the air dose 
which does not include scattered radiation, and the effective dose 
which includes scattered radiation. 

(3) The specification of dosage shall include a statement of the 
quality of the radiation. For exact physical measurements _ the 
quality of the radiation may be specified in terms of the complete 


2 Proc. IV Int. Cong. Radiol. 4, 148 (1984). 
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absorption curves in copper of aluminum. For most practical pur- 
poses the quality may be expressed by the first and second half- 
value layers of the same materials. 

(4) The specification of dosage shall also include: (a) dosage rate, 
(b) the total time of irradiation and the intervals between the times 
of irradiation, (c) material and thickness of filter, (d) target-skin 
distance, (e) the dimensions and number of ports of entry. 

(5) The practical instrument used to measure X-ray quantity shall 
be called a dose-meter and shall be calibrated in roentgens. 

(6) The calibration of a dose-meter shall be tested periodically by 
a recognized testing laboratory, over the range of wave length for 
which it will be used. 

(7) The constancy of the calibration of a dose-meter shall be tested 
by the ionization produced, under fixed conditions by a definite 
quantity of radium element. 

(8) Dose-meters should be independent of the wave length within 
the range for which they will be used. 

The ICR in its Rules and Regulations (plan), confirmed some of the 
earlier operating procedures of the ICRU and at the same time 
recognized the formation of the Executive Subcommittee: 

The Congress secretariat shall call a meeting of the Committee 
on Units at the beginning of each International Congress.’ The 
Committee on Units 1s composed as follows: 

(a) An Executive Committee of six members, 

(b) Two representatives of all the countries represented at the 
Congress of whom one shall be a radiologist and the other a physicist. 

(co) Delegates of national laboratories for radiological testing. 

The Committee on Units chooses its President and its Executive 
Committee from among its members. A representative of the country 
in which the Congress is held shall belong to the Executive Committee. 
1987 


The fifth meeting of the ICRU was held in Chicago in 1937, with 
forty-one members attending. (8) At this meeting, the Executive 
Subcommittee was in full operation and the affairs were conducted 
more expeditiously than ever before. 

During the 6 year period from 1931-1937 important technical ad- 
vances had been made, resulting in the production of X-rays at 
energies up to 1 MV. This made it apparent that wording of the 
earlier definition of the roentgen (in ity, more a definition of a 
device than a physical quantity) would require modification, even 
though the magnitude of the quantity measured be not changed. It 
was also decided to make the definition applicable to y-rays, and 
accordingly the roentgen was redefined as follows: (8) 

(1) The International Unit of quantity or dose of X-rays or y-Tays 
shall be called the “roentgen” and shall be designated by the symbol 

r’” 


(2) The roentgen shall be the quantity of X- or y-radiation such 
that the associated corpuscular emission per 0.001293 g of air produces, 
in air, ions carrying 1 e.s.u. of quantity of electricity of either sign. 

(3) Measurements of radiation quantity shall be expressed in 
Toentgens. Measurements of dosage rate shall be expressed in 
roentgens per minute. 


peilldieteseettins 
* Proc, IV Int. Cong. Radiol. 4, 161 (1994). 
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While solving some problems, the new definition inadvertently 
introduced a new source of difficulty, through reference (paragraph 3) 
to the term “radiation quantity”. It is obvious that the roentgen 
does not measure “radiation quantity” in the usually accepted sense. 
There had also crept into common usage the acceptance of the roentgen 
as a measure of ‘‘dose’’—again a concept at variance with the normally 
accepted understanding of that term. While not basically affecting 
the clinical measurement of radiation in the normal energy range, these 
inconsistencies have plagued the ICRU for many years. 

There was developed at this time a more complete pattern for the 
description of radiation treatment conditions. This was designed to 
take into consideration all of the many factors necessary for a descrip- 
tion of a radiation treatment. These recommendations for recording 
treatment have been continued since that time but have undergone 
some modification at almost every meeting of the Committee. 

A new and much more detailed set of rules was developed to govern 
the selection of members and the work of the ICRU. 

Thirteen years lapsed before the next meeting, during which time 
World War II had been in progress, and many of the original members 
of the Committee had either died or been killed. During this interim 
period the secretary of the Executive subcommittee, had kept abreast 
of developments in the field preparatory to reviving the Committee’s 
operations. 

In reorganizing the Committee, it seemed advisable to change its 
basis of membership selection in order to avoid the handicap of working 
with such large numbers. In advance of the Fifth Congress, discus- 
sions held between Dr. A. C. Christie (President of the Fourth ICR), 
L.S. Taylor and W. V. Mayneord led to agreement that a membership 
of about twelve would be desirable. With this number, it would no 
longer be necessary to have an Executive subcommittee. This sug- 
gestion was put by the past President of the Fourth Congress to the 
incoming President of the Fifth Congress, and was tentatively accepted 
by them subject to later approval by the International Executive 
Committee of the Congress. Approval was obtained during the 1950 
Congress in London, and at the same time the Committee was renamed 
as a Commission. 


1950 


The reorganized Commission held its sixth meeting in London in 
1950(9). At this meeting a new set of rules was developed governing 
the membership and the work of the ICRU. The rules limited the 
membership of the Commission to a chairman and twelve additional 
members, selected for their recognized technical ability without 
regard to nationality. They also insured a reasonable turnover in 
membership, yet at the same time provided for adequate continuity 
of membership. 

In its 1950 recommendations, the ICRU recognized for the first 
time the need for absolute measurements of radiation based on 
calorimetry or other fundamental techniques. It recognized further 
that the Commission was not in a position at that time to make any 
specific recommendations but the way was prepared for introducing 
improvements at a later time. 90 

o changes were made in the 1937 recommendations on the speci- 
fication of the conditions of X- and y-ray treatment or the section on 
instruments. It was recognized at the meeting that some changes 
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were desirable but that the need was not very pressing. Action was 
deferred until the next Congress. 

The definition of the roentgen remained unchanged in spite of some 
aeons arguments that change was needed. 

The definition of the curie for the measurement of any radioactive 
material was adopted in accordance with the recommendation of the 
Commission on Standards, Units and Constants of Radioactivity 
appointed by ICSU. This made the curie applicable to radioactive 
materials other than radium. 

For the year or two prior to the 1950 meeting, the American and 
British Units Committees had been very active in the development of 
the concepts of energy measurements as applied to radiological 
problems. These were widely circulated well in advance of the meet- 
ings with the result that at the 1950 meetings, it was relatively easy 
to bring about substantial agreement between the different viewpoints 
prevailing. This advance action paved the way for the acceptance of 
the new energy unit for dose proposed later by the American and 
British representatives. 

1952 


In 1952, a joint meeting was held in Stockholm between the ICRU, 
the ICRP, and the UNESCO Joint Committee on Radiobiology. 
This meeting was primarily for the purpose of discussing the genetic 
aspects of radiation. While it was agreed that no specific recom- 
mendations would be made as a result of these meetings, it is interest- 
ing to note that the general findings were substantially the same as 
those made in April 1956 by the ICRP and in June 1956 by the US. 
National Academy of Sciences. 

A short meeting of those members of the ICRU present was 
primarily for discussion of agenda for the regular meeting to be held in 
1953. 

19538 


The seventh meeting of the ICRU was held in Copenhagen in 1953 
with twelve members attending.(10) The most important outcome 
of this meeting was the introduction of a new basic unit for the 
measurement of radiation dose.. This unit, known as the rad, was 
designed to place the measurement of dose on the basis of first prin- 
ciples. The new concepts and definitions adopted were as rma 

(1) Intensity of radiation is the energy flowing through unit area 
perpendicular to the beam per unit time. It is expressed in ergs/cem’ 
sec! or W/cm’, 

(2) Quantity of radiation is the time integral of intensity. It is 
the total energy which has passed through unit area perpendicular to 
the beam and is expressed in ergs/em? or W-sec/cm?. 

_ (3) Absorbed dose of any ionizing radiation is the amount of energy 
imparted to matter by ionizing particles per unit mass of irradiated 
material at the place of interest. It shall be expressed in rads. 

(4) The rad is the unit of absorbed dose and is 100 ergs/g. 

(5) Integral absorbed dose is the integration of the energy absorbed 
throughout a given region of interest. The unit is the gram-rad. 
1 g-rad= 100 ergs. i 

he reasons for adoption of the rad were related (1) to the fact 
that we were using energies very much higher than was ever dreamed 
of in the 1930’s, and for which the roentgen is not always the most 
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suitable unit of measurement, and (2) the unit of absorbed dose, 
based on energy imparted to matter, would be applicable to other 
forms of radiation such as 6-rays, e-rays and neutrons. It was clearly 
recognized during these meetings that much more information needed 
to be provided before the rad could be regarded as a practical unit. 
However, since 1953 its attractions became evident and it has begun 
to appear regularly in the radiological literature. 

It will be noted that a physical definition of “quantity of radiation” 
was included; this mainly to help to distinguish the meaning of the 
term ‘‘quantity’”’ as used in the definition of the eee 

Definition of the roentgen was again the subject of extensive dis- 
cussion, particularly with reference to proposals by the Dutch and 
British members. While still unhappy about the current definition, 
and in spite of recognition of the validity of the proposals it was 
agreed to leave the definition unchanged. It was felt that any gains 
in physical preciseness of definition might be offset by the feeling 
among radiologists that their unit of radiation measurement was a 
changed. In addition, it was felt by some that adoption of the ra 
would eventually detract from the importance of the roentgen as a 
radiological unit. 

The recommendations on the specification of radiation treatment 
were extensively revised and extended to include the technical data 
required for treatment with radio nuclides. 

ith some background of experience with the operating rules 
adopted in 1953 some minor changes were proposed and later approved 
by the ICR. ° 

The Commission established two subcommittees to provide more 
concentrated studies in the fields of X-ray standards and standards of 
radioactivity. W. J. Oosterkamp (Netherlands) served as chairman 
of the Subcommittee on X-ray Standards, and B. Rajewsky (Ger- 
many) as chairman of the Subcommittee on Standards of Radio- 
activity. 

During the 1953 meetings, the Commission held its first symposium 
at which invited papers were presented on current work in radiation 
units and measurements.(11) This provided an opportunity to dis- 
cuss at open meetings the work being done in various countries and 
the problems that require further investigation. 


1956 


In 1955, an informal meeting of the ICRU was held in Geneva dur- 
ing the International Conference on the Peaceful Uses of Atomic 
Energy. This was attended by the eight members present at the 
Conference, and was mainly in preparation for the formal meeting to 
be held the following year. 


1956 


The eighth meeting of the ICRU was held in Geneva in the spring 
of 1956. This marked the first time that the Commission had met 
separately from the meetings of its parent organization—the Inter- 
national Congress of Radiology. eetings were held jointly with 
the ICRP and extended over a period of 12 days. 

Another departure at these meetings was the fact that they were 
held with the assistance of the World Health Organization. 
resulted from contacts made during the preceding few months, when 
the WHO had indicated its need for technical advice in the field of 
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radiation protection and units. During the course of the meetings, 
the Commission officially accepted an earlier invitation of WHO to 
enter into an official relationship with WHO as a ‘“‘Nongovernmental 
Participating Organization.” As a result of this relationship, the 
ICRU is now recognized by the World Health Organization as its 
body of technical advisors in the field of radiological units and measure- 
ments. 

The meetings were attended by the ten members and the chair- 
man of the Main Commission; eleven subcommittee members and 
five subcommittee consultants were also in attendance. 

The report of the ICRU developed during the 1956 meetings rep- 
resents the most complete effort thus far. (12) In addition to some 
degree of clarification of the different units used in measuring radia- 
tion dose, the report includes for the first time a large body of tech- 
nical data called for in the 1950 and 1953 recommendations. It also 
includes extensive discussions and instructions regarding the problems 
met in introducing the new energy units into medical and biological 
practice. 

It was agreed that some interim secondary standards of radiation 
measurement should be developed and made available to any countries 
oat al calibration of its equipment. The National Bureau of Stand- 
ards (United States) agreed to undertake the responsibility for the 
development and construction of this equipment, which consists of a 
Fatt cavity ionization chamber, standard diaphragms for free-air 
chambers and a standardized capacitor for checking current measure- 
ments. Through the co-operation of the WHO and UNESCO the 
secondary standards together with trained personnel will be sent to 
those countries requirmg calibration of their working or primary 
standards. (13) 

The Committee structure of the Commission was reorganized and 
enlarged; it now consists of the following four Committees: 

Committee I: Standards and Measurement of Radioactivity 
for Radiological Use. Chairman: W. E. Perry, United Kingdom. 
Committee II: Standards and Measurement of Radiological Ex- 
posure Dose. Chairman: H.'O. Wyckoff, U.S. 

Committee III: Measurement of Absorbed Dose and Clinical 
Dosimetry. Chairman: L. H. Gray, United Kingdom. 

Committee IV: Standard Methods of Measurement of Charac- 
teristic Data of Radiological Equipment and Materials. Chair- 
man: B. Combee, Netherlands. 

In order to describe better the Commission s scope of activities, it’s 
name was changed to International Commission on Radiological Units 
and Measurements (ICRU). 

During the meetings, two half-day symposia were held for the pur- 
pose of presenting and discussing seventeen reports on specialized 
problems in the field of radiation units and measurements. The sym- 
o were arranged by the ICRU, and through the assistance of the 

orld Health Organization, were held in the UNO buildings. They 
were attended by some seventy-five persons including members of the 
— and its subcommittees. The papers were not published as in 

For a period of 3% days following the Commission meetings, several 
members (L. S. Taylor, W. Oosterhamp; L. H. Gray) of the ICRU 
met with a WHO study group to consider on a world-wide basis how 
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the recommendations of the ICRU might better be implemented. As 
one result of this study, the WHO will take active steps to disseminate 
on a worldwide basis the recommendations developed by the ICRU. 


1956 


An informal meeting of the ICRU was held in Mexico City in the 
summer of 1956 during the seventh International Congress of Radi- 
ology. Seven members who were in attendance at the Congress met 
to work on some of the phraseology of the report which had been 
developed in Geneva. 

Listed below are the formal meetings of the ICRU held since its 
inception, the number of members in attendance, and the Commission 
Officers. (The Officers listed were in office at the time of meeting. 
Terms of new officers began after confirmation of their election during 
the International Congress, and continue for a 3 year period corre- 
sponding to the interval between Congresses. Honorary chairmen 
are not listed, as they were not permanent members of the 
Commission.) 

The Eighth International Congress of Radiology is scheduled to 
meet in Munich in 1959. The next formal meeting of the ICRU has 
been scheduled to meet in Geneva in September 1958. It is expected 
that Committees of the ICRU will meet more frequently than 
the Main Commission to expedite the completion of their special 
studies. For the period 1956-59, the membership of the Main Com- 
mission numbers thirteen, and that of the four Committees (including 
consultants) will be approximately from forty to fifty. Officers of the 
Main Commission for this period are L. S. Taylor (U.S.), Chairman; 
L. H. Gray (U.K.), Vice-chairman; H. O. Wyckoff (U.S.), Secretary. 
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MEMBERS PREPARING REPORTS OF THE ICRU 


1956, Geneva: 


L. 8S. Taylor, Chairman (United 
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J. Oosterkamp, Secretary 
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. Allisy (France). 
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. Ellis (Great Britain). 
Failla (United States). 
H. Gray (Great Britain). 
. Holthusen (Germany). 
. E. Johns (Canada). 
. Rajewsky (Germany). 
. Sievert (Sweden). 
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cee. Acting Chairman 
WiGre at Britain 
L. 8. Taylor, ae (United 

States). 

A. Allisy (France). 
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1950, London: 


W. V. Mayneord, Hon. Chairman 
(Great Britain). 

L. 8. Taylor, Secretary (United 
States) . 

W. Binks (Great Britain). 
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1937, Ch hicago: 


G. Failla, Hon. Chairman (United 
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PROTECTION FROM IONIZING RADIATION 


By 
K. Z. Morgan, Director 
Health Physics Division 


Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 


The principal criteria or standards for protection from ionizing radiation 
are set on @ world level by the International Commission on Radiological 
Protection, > ICRP, and they are established at a national level by the National 
Comittee on Radiation Protection and Measurements, - NCRP. These two organi- 
zations set basic (or primary) standards, secondary standards, and tertiary 
standards. There is only one basic or primary standard, namely the maximum 
permissible ionizing radiation dose permitted to the total body and to the 
various body tissues of the several exposure groups. The secondary standards 
relate to radioactive contamination in man and his environment and are designed 
to provide a means of measurement and/or calculation to assure adherence to the 
basic standard. The tertiary standards relate to personnel, buildings, and 
equipment, and provide practical rules, procedures, and devices to facilitate 


compliance with the secondary and primary standards. There are various orders 


lraylor, L. S., “History of the International Commission on Radiological 
Protection", HEALTH PHYSICS, Vol. 1, No. 2, pp 97-104 (September, 1958). 


eraylor, L. 8., "Brief History of the National Committee on Radiation 
Protection and Measurements (NCRP) Covering the Period 1929-1946", HEALTH 
PHYSICS, Vol. 1, No. 1, pp 3-10 (June, 1958). 


*Oak Ridge National Laboratory Operated by Union Carbide Corporation. 
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of these standards and many decisions go into the final selection of the standards. 
These relationships may best be illustrated by giving the general cases and then 


illustrating them with an example; in Table I, yi is used as the example. 


During the past decade the basic standards of NCRP and ICRP have changed 
+ 

several times and each time/the REE doses have been lowered. Table III indicates 
that during this period the level recommended for occupational exposure has 
decreased by a factor of 10, and Table IV indicates a corresponding reduction in 
the level suggested for the population-at-large. These reductions in recommended 
and suggested RBE dose have been made not because it has been demonstrated that 
radiation damage has accrued to man at the higher level but because accumulating 
evidence has failed to prove that there is a threshold dose below which no 
damage will result. Thus as work with man-made sources of ionizing radiation 
increases and as larger numbers of people are exposed, the probability of damage 
increases and consequently the number of individuals in which we might expect 


such damage to become manifest increases. At the present time it appears likely 


that certain types of damage such as genetic changes, leukemia incidence, and 
shortening of the life span increase monatonically with the RBE dose of ionizing 
radiation - that is, no matter how small the dose - each increment of dose 


increases the amount of damage and/or the probability of detecting some of the 


symptoms of damage. Thus, in a sense, all ionizing radiation is damaging to 


man and in reality the basic standard of NCRP and ICRP has been to permit no 
unnecessary exposure or to allow only exposure which is counter-balanced by 
equivalent benefits. 


It is on this basis that relatively large medical 


exposures - both diagnostic and therapeutic - are approved and that it is 
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TABLE II. PRESENTLY RECOMMENDED PERMISSIBLE pose (*) TO BODY ORGANS OF OCCUPATIONAL 
WORKERS EXPOSED TO IONIZING RADIATION 


acim REE Dose *°—~“verage RBE Dose\*)  Accumalated REE Dose S—~” 
Body Organ aa a in one year to age N 
Blood forming organs 3 ICRP™ ncrP™»t 5 rcRP™ worP™»? 5(N-18 ICRP worP>! 
Total body 3 tcrP) worPt)™ 5 rcrP? worPt>® 5(N-18) rcrP? wcrpt>® 
Head and trunk 3 NcRP! 5 NCRP! 5(N-18) werP* 
Gonads 3 rorP™* worP’?**™ 5 rorp™2 worP*st-m 5-18) rorP**? oRPYst>™ 
Lenses of eyes 3 TorP*?)?% yopptsim 5 zoppyde@ yorp>t-® 55-28) roRP9** oR?’ t™ 
_ : ene Bie | BA ate 
{% NcRP*s 1,0 lo(N-18) worP?>*>™ 
Thyroid 8 rorP*>) xcRr® 30 rorP**? ycrpt.m 30(N-18) NcRP® 1cRP® 
Pest, aakles, bande 20 TORE iy {15 tcrP* ncrpt>™)" 75(N-18) NCRP® ICRP® 
Bone 30/4n® rcrP® norP® 30/n® 1cre* wcRP™ 30/n(n-18)® ncrP® rcrP® 
Other single organs 4 rcrP*’* 15 tenP’* worp*?™" —15(-18)NCRE® IcRP® 





(a) Values given are in addition to doses from medical and from background exposure. 3 

(>) These values may be used for the accumulated short term — in any 13 week interval 

c) These values may be used for a planned emergency exposure’. 

(a) ICRP does not restrict beta expos res of lenses of eyes to this limit’, 

) ‘Implied but not stated explicitiy”’ 21,8, 

(f) Interpreted by author (K. Z. Morgan) to apply only when dose is limited to skin, e.g., it applies 
to low energy beta radiation external to body or originating in skin. 

(g) This n is referred to as the "relative damage factor". It is one for radium isotopes and for 

gamma radiation, otherwise it is set equal to five for all radionuclides in bone~. 


) Maximum Permissible Radiation Exposure to Man, an addendum to the NBS Handbook 59, January 8, 1957. 
) Maximum Permissible Radiation Exposures to Man, an addendum to the NBS Handbook 59, April 15, 1958. 
) Report on Decisions at the July, 1959 Meeting in Munich of the International Commission on 
Radiological Protection (ICRP), Amer. J. of Roent. and Ra. Therapy and Nu. Medicine, Vol. 83, 
No. 2, pp 372-375, February 1960; Health Physics, Vol 2, No. 3, pp 317, February 1960. 
(k) Recommendations of the International Commission on Radiological Protection, ICRP-Publication 1 
Pergamon Press, September 9, 1958. 
(1) Permissible Dose for Internal Radiation - )58 Revision, ICRP Publication 2, Published by 
Pergamon Press, April, 1960. 
(m) Maximum Permissible Body Burdens and Maximum Permissible Concentrations of Radionuclides in 
Air and Water for Occupational Exposure, NCRP-NBS Handbook 69, June 5, 1959. 
Maximum Permissible Amounts of Radioisotopes in the Human Body and Maximum Permissible Concen- 
trations in Air and Water, NCRP-NBS Handbook 52, March 20, 1953. 
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TABLE Il 


UNCLASSIFIED 
ORNL -LR-DWG. 43195 


CHANGES DURING THE PAST 25 YEARS IN THE MAXIMUM PERMISSIBLE 
OCCUPATIONAL EXPOSURE?) OF THE TOTAL BODY TO IONIZING RADIATION 
RECOMMENDED RATE) COMMENTS 


0.2 r/d (or Ir/wk) RECOMMENDED BY ICRP IN 1934 AND CONTINUED 
IN WORLD WIDE USE UNTIL 1950. 


0.1 r/d (or 0.5 r/wk) RECOMMENDED BY NCRP ON MARCH 17, 1934 AND 
CONTINUED IN USE IN U.S. UNTIL 1949, 


0.3 rem/wk RECOMMENDED BY NCRP MARCH 7, 1949 AND ICRP 
IN JULY 1950 AND CONTINUED IN USE UNTIL 1956. 


5 rem/yr (or 0,1 rem/wk) RECOMMENDED BY ICRP IN APRIL 1956 AND NCRP 
ON JANUARY 8, 1957 


(@) VALUES GIVEN ARE IN ADDITION TO DOSES FROM MEDICAL AND FROM 
BACKGROUND EXPOSURE. 
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TABLE IV 
UNCLASSIFIED 
ORNL-LR-DWG. 43196 


SUGGESTED LIMIT OF DOSE") TO POPULATION-AT-LARGE FROM MAN-MADE 
SOURCES OF IONIZING RADIATION 


TOTAL BODY DOSE RATE) COMMENTS 
0.03 rem/wk SUGGESTED BY NCRP SEPTEMBER 1952 AS 
MAXIMUM EXPOSURE TO ANY ORGAN, 
0.5 rem/yr RECOMMENDED BY NCRP ON APRIL 15, 1958 AND 
(or 0.01 rem/wk) BY ICRP IN JULY 1959 AS MAXIMUM EXPOSURE 
TO GONADS (OR TOTAL BODY). 
5 rem/30 yr SUGGESTED BY ICRP ON SEPTEMBER 9, 1958 AS 
(or 0,003 rem/wk) AVERAGE EXPOSURE TO GONADS (OR TOTAL BODY). 
0.) remyfye SUGGESTED BY AD HOC COMMITTEE ON MAY 6, 
(or 0.002 rem/wk) 1959 FOR CONSIDERATION BY THE NCRP FOR 


AVERAGE EXPOSURE TO ANY BODY ORGAN. 


(c) VALUES GIVEN ARE IN ADDITION TO DOSES FROM MEDICAL AND FROM BACKGROUND 
EXPOSURE. 
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recommended that occupational exposures may be from 30-100 times those permitted 
to the average member of the population-at-large. 

Perhaps it goes without saying but I believe it should be pointed out that 
the recommendations of NCRP and ICRP in no case are more than recommendations. 
However, since they are recommendations of independent scientists who have made 
a careful study of the radiation protection problems, they have in many cases 
served the useful function of law without imposing the restrictions and rigidity 
of law. This flexibility has been a valuable asset in making better use and 
application of newly-discovered sources of ionizing radiation, i.e., X ray 
machine, radium, high voltage accelerators, nuclear reactors, radioisotopes, 
etc. On the other hand, the lack of laws for the regulation of exposure to ion- 
izing radiation has in the past contributed needlessly to human exposure, e.g., 
exposures from shoe-fitting machines, high exposure from improperly-used dental 
equipment, high radiographic exposure, etc. In many cases of radiation damage 
when it has been shown that the recommendations of the NCRP and of the ICRP 
were not followed, this information has provided decisive evidence in court. 

It will be noted that some of the recommendations of the NCRP and the ICRP are 
given in stronger language than others. For example, the word "recommend" is 
used when referring to occupational exposure values while the word "suggest" is 
used when referring to values for exposure to the population-at-large. This 
choice of words is deliberate and is intended to indicate the degree of firm- 
ness or the amount of uncertainty in the values. Similarly the word "must" is 
replaced by the word "should" when it is desired to make a less positive or 


demanding statement, when there is a higher degree of uncertainty or when the 


recommended action is of less importance. 
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Never before has there been an occupational or environmental hazard studied 
so carefully and with so great determination to anticipate and prevent hazards 


to man as in the case of ionizing radiation. Ironically, it seems also that the 


emphasis (public concern and general apprehension )relative to a hazard such as 
ionizing radiation is not a function of its magnitude with respect to other 


hazards but rather a function of the amount of effort and care taken to under- 


stand and prevent it. In the U. S. there are over 1200 health physicists 


devoting the major part of their time to the prevention of radiation accidents 
and hundreds of millions of dqjlars are spent each year to minimize radiation 
accidents. As a consequence of these efforts there have been in the U.S. only 
three fatal accidents and an exceedingly small number of injuries from ionizing 
radiation in the nuclear energy industry since its beginning in 1942. Never- 
theless, each of these radiation accidents has received world-wide publicity 

while little attention has been paid to the fact that over 100 nuclear energy 
workers have been killed in automobile accidents during this same period. 

Until the very recent past, a large typical industry in the U. S. gave very little 
attention to pollution of the atmosphere and of the rivers by a new chemical 

waste product or showed very little concern for its possible effect on the 
employees and neighboring populations until serious damage had been manifest. 

In the case of the nuclear energy industry, on the other hand, extensive 

health physics and radiobiological research programs were begun at the begin- 

ning of each new type operation to evaluate the hazards, to set reasonable 


levels of exposure, and to allow sufficient margins of safety for the 


uncertainties involved. Our Oak Ridge National Laboratory is somewhat 
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typical of the situation in the U. S&S. Here we have maintained very active health 
physics applied and research organizations, and, although we have had a number of 
minor radiation accidents during the 17 years of our operations, we have had no 
fatal radiation accidents and the most serious exposure resulted a few years ago 
when an employee disregarded the rules, entered a waste storage cell and received 
an exposure of 63 rem of penetrating 7-radiation. Although there has been a 
marked reduction (as shown in Tables III and IV) in the maximum permissible 
exposure levels during our 17 years of operating history, the health physicists 
have anticipated this downward trend and insisjed upon sufficient safety factors 
so that as indicated in Fig. 1 we have only one employee =< the one receiving 

the accidental exposure of 63 rem - who has exceeded the present NCRP and ICRP 
maximum permissible accumulated dose, MPAD, now specified by the Equation, 

D = 5(N - 18)rem, in which N is the age of the employee. 

The NCRP and the ICRP have devoted most of their attention to setting the 
primary and secondary standards leaving to the individual operations a consid- 
erable amount of flexibility with reference to tertiary standards or in their 
choice of organization, buildings and equipment. As would be expected, the 
more basic the standards the more caution required in the selection of values 
and the more difficult the decisions leading to their choice. Thus it has not 
been easy for the NCRP and the ICRP to arrive at or justify the presently 
recommended maximum permissible RBE dose of 5(N - 18)rem accumulated by the 
total body or gonads of occupational workers to age N. This limitation would 
amount to 250 rem to the employee exposed at this maximum level for 50 years. 


There is no way at the present time of ascertaining the consequences of chronic 
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exposure at this level. The presently available biological data from observations 
at levels of exposure much higher than this recommended maximum permissible RBE 
dose rate for occupational exposure indicates that the probability of developing 


6 


leukemia is between 0.7 x 10” and 6 x ao78 per rem/yr and the shortening of life 


span is 107 to 7x 107 life span per rem. These relations may or may not be 
linear but, until there is evidence to the contrary, the only safe assumption 
is to assume these relations continue to hold linearly at low levels of chronic 
exposure. Thus, if these relations are linear, i.e., independent of RBE dose 
rate, it follows that 250 rem received by the occupational worker during 50 years 
of exposure at the uniform rate of 5 rem/yr would shorten his life span on the 
average by 7-1/2 months to 4-1/2 years* and if 100,000 persons were exposed at 
this rate for 50 years, there would be from 440 to 3800 cases of leukemia over 
this period as a result of such exposure. Actually the present exposure rate 
of nuclear energy workers is probably 1eds than 6% of the limiting rate of 

5 rem/yr (the average exposure rate at Hanford works and at Oak Ridge National 
Laboratory was 0.3 rem/yr or 6% in 1959). On this basis and under these 
assumptions, we might expect from 26 to 230 leukemias and shortening of life 
corresponding to 54 to 380 lives per 100,000 nuclear energy workers during the 
next 50 years. In such an evaluation these figures must be compared with the 


5 


natural incidence of leukemia which is 6,3 x 10° per year or 315 per 100,000 


*It is assumed here that each rad of exposure produces a shortening of 
the life span remaining after the exposure. Sometimes it is assumed each rad 
shortens the life by a fixed number of days. It is assumed further that the 
50 year exposure begins at age 18 and that the man expires at age 68. 
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in 50 years. Thus, occupational exposure might be expected to increase the 
incidence of leukemia among nuclear energy workers during the next 50 years by 
8 to 70%. We should emphasize again, however, that in these estimates we have 
probably assumed the worst possible relation between dose and effect and possibly 
it might be that occupational exposure at the maximum permissible RBE dose rate 
will not cause any shortening of life span or any increase of leukemic incidence 
in man. In any case it is difficult for anyone (whether a member of ICRP and 
NCRP or not) to say whether these 26 to 230 leukemias and 54 to 380 life spans 
(or lives) per 100,000 nuclear energy workers during the next 50 years is an 
appropriate price to pay for the great benefits that will accrue to these 
hundred-thousand workers, their families and to all mankind, as a result of 
the nuclear energy program. Certainly in considering this problem we must make 
comparison with the many other hazards that we willingly accept in our society; 
for example, at the present automobile accident rate we would expect about 
1000 automobile fatalities among these 100,000 workers during this same 50 
years and many more of these workers would be maimed and seriously injured. 
Similarly we might make comparisons of the radioactive contamination of the air 
and of the (MPC), values recommended by the NCRP and the ICRP with the contami- 
nation of the air by automobile exhausts and by smoke stacks which discharge 
into the atmosphere each day thousands of tons of acids, organic fumes, 
silicon, lead, beryllium, arsenic, etc. 

Perhaps the two best comparisons of the basic exposure rates can be made 
with natural background exposure and with the average medical exposure. To 


the mid-genetic age of 30 years (when the average parents have half their 
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children) the average person in the U. S. receives a gonad dose of about 4.6 rem 
from medical exposure and 4 rem from background radiation. If the average nuclear 
energy worker begins work at age 18 and receives 0.3 rem/yr (as at Hanford and 
ORNL at present), he receives an occupational exposure that is 78% of the dose he 
exposure 
gets from medical/or 90% of the dose he gets from natural background radiation 
by the time he reaches age 30. Also, the few persons who will work in the 
nuclear energy industry to age 30 at the maximum exposure rate recommended by 
NCRP and ICRP will receive 60 rem or 13 times that from medical and 15 times that 
from natural background radiation. In evaluating this situation we must recog- 
nize the fact that the average medical exposures in the U. S. probably can be 
reduced by more than 10% by using better techniques and improved equipment and 
that there are tens of thousands (perhaps hundreds of thousands) of people 
living in certain parts of the world where they are exposed to a natural 
background radiation dose that is up to ten times the average. In particular 
we might call attention to two high natural background areas: 1) Regions of 
India and Brazil where people are living on the monozite sands that contain 
high concentrations of thorium products, and 2) communities in the state of 
Illinois where the public water supply contains large quantities of radium 
products. Thus, before we increase the cost of the nuclear energy programs by 
a factor of three (or probably more) by reducing the maximum permissible 
exposure rate by another factor of three (the last NCRP reduction in 1957 was 
by a factor of three), we should weigh all the facts and ask: Should we 
recommend that people be moved away from the high natural background regions 


of the earth when we have no evidence that this level of radiation has caused 
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any damage; or more specifically, should we accelerate the various research pro- 
grams designed to carry out a statistical study of large numbers of people to 
determine whether any evidence of radiation damage can be revealed and attributed 
to natural background radiation? Shouldn't we be more ‘concerned about the 10 
lives lost in automobile accidents than about the 1 life lost from radiation 
exposure? Should we do something about the millions of tons of acid, silicon, 
beryllium, lead, arsenic, etc., that are sent up our smoke stacks each year 
before we worry about the present level of radioactive contamination of the at- 
mosphere? What should be done about reducing medical exposure which at present 
is responsible for over 2000 times as much exposure to the U. S. population as 
is received from employment in nuclear energy operations? 

If the present occupational exposure rate continues for the next 50 years 
and if the average number of workers in this nuclear energy industry is 100,000, 
a reduction in the present rate of medical exposure of only 0.07% during this 
same period would reduce the total exposure of the U. S. population the same 
amount as a reduction in the maximum permissible occupational exposure rate by 
a factor of three (i.e., a reduction from 5 rem/yr to 5/3 rem/yr). Likewise, 
a reduction in the present rate of medical exposure during this period of only 
0.1% would reduce the total exposure of the U. S. population the same amount 
as @ complete elimination of all occupational exposure. I will venture to 
guess that during the next 50 years medical exposure in the U. S. could be 
reduced with very little effort not only by 0.07% or 0.1% but even by 10%, 
and that even better medical results might be expected at this lower medical 


exposure as a result of the application of better medical techniques and by 
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the use of new and improved equipment. Such a reduction in medical exposure 
could reduce the present radiation-induced genetic mutation rate below the value 
that existed prior to the atomic age and could much more than compensate for the 
overall harmful consequences of genetic mutation, leukemia, and shortening of 
life span caused by radiation from fall-out and occupational exposure in the 
nuclear energy industry. Thus it seems to me that if we and the American public 
really are concerned about the consequences of exposure to ionizing radiation, 
we will soon insist on getting to the heart of the problem and seek not just a 
0.07% to 0.1% reduction in medical exposure but a 10% reduction. From the stand- 
point of genetic damage, leukemic incidence and shortening of life span 
(assuming direct proportionality between dose and effect) the 100,000 nuclear 
energy workers during the next 50 years could increase their average annual 
exposure to 30 rem/yr or 10,000,000 workers (instead, of 100,000) could receive 
an average of 0.3 rem/yr without an increase in this damage if at the same time 
the average medical exposures were reduced 10%. In making this suggestion I 
would like to emphasize again that I am not advocating a reduction or curtail- 
ment in any of the many beneficial uses of ionizing radiation in its medical 
applications but rather I am urging the use of remote control devices, shields, 
and cones to protect persons and parts of the body that do not need radiation 
exposure; I am recommending the calibration and adjustment of equipment that 

in many cases has become unsafe for use; and I am suggesting the replacement 

of old X ray equipment and insensitive film techniques by modern-type 
equipment, by sensitive film emulsions, by application of television devices, 


etc., which have been shown to give superior medical results with less 





. 


This 30 rem/yr occupational exposure would have essentially the same 
consequences to society but might increase the damage to the individual. 
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exposure to patient, doctor, and technicians. Also I would like to underscore 
the statement of ICRP: "There are indications. that the highest levels of medical 
exposure reported could be reduced significantly by careful attention to tech- 
niques." 

Perhaps the principal unique characteristics of ionizing radiation as 
compared with many other common and more generally accepted industrial and environ- 
mental hazards are: 1) Man has not developed a sixth sense that provides him 
immediate warning if he is exposed at dangerous levels of radiation, and 2) one 
cannot press a switch to cut off the radiation emitted by a radioisotope and 
spraying a contaminated area with DDT or boiling contaminated water does not 
reduce the radiation hazard. 

As discussed in the hearings on radioactive waste disposal (Hearings Before 
the Special Subcommittee on Radiation of the Joint Committee on Atomic Energy 
Congress of the U. S. Eighty-Sixth Congress, First Session on Industrial Radio- 
active Waste Disposal, Jan. 28-30; Feb. 2-3, 1959; Washington), two 
diametrically opposite methods of disposal, viz, containment and confinement as 
opposed to dilution and dispersion, have been applied to the radioactive waste 
disposal problem. Thus the NCRP, ICRP, and many other national and international 
agencies are confronted with the responsibility of defining how these materials 
can and must be contained and confined safely, not just for a few years but for 
tens of thousands of years. When low levels of radioactive waste are disposed 
into the environment, safe concentration in air, water, and food must be 
recommended and methods and procedures must be specified by which the 


corresponding dilution factors may be provided and maintained at all times. 
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It was pointed out also at the previous Congressional Hearings that the MPC 
values recommended by NCRP and ICRP must be set not only with reference to the 
prevention of direct radiation damage to man (i.e., leukemia, shortening of life 
span, reduced susceptibility to disease, etc.) and to future generations (i.e., 
genetic damage) but also with reference to its ecological effects on the 
environment (i.e., how does it influence the food web?). Many important 
questions remain to be answered before satisfactory MPC values can be estab- 
lished with reference to radioactive fall-out and to disposal of radioisotopes 
into man's environment. For example, it is known that some of the biological 
organisms concentrate certain of the radionuclides in their environment by 
factors of 10 to 100,000. Can it be then that certain of the bacteria, fungi, 
or arthropods that are vital elements in the food chain or that are essential 
in providing nutrients in the forest floor will be destroyed or that their 
environment will be so altered that they can no longer carry our their function 
that is so essential to life as we know it? Only when some of the long range 
ecological studies are complete and when we have answers to many of the more 
pressing questions, can we have confidence in and be assured that the MPC 
levels now suggested for the larger exposure groups are acceptable for appli- 
cation indefinitely into the future. 

At the present time both the NCRP and the ICRP have recommended maximum 
permissible RBE dose and corresponding MPC values for occupational exposure 
and for populations living in the neighborhood of a radiation controlled area 
(a radiation controlled area may be defined as one having health physics 


surveillance). So far, neither the NCRP nor the ICRP has recommended average 
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RBE dose or corresponding MP€ values for the whole population but as indicated 


in Table V the ICRP has set up five exposure groups and has suggested (see note 
(e) under Table V) average RBE dose and corresponding MPC values for the whole 
population. At the 1959 meeting of the ICRP in Munich? the maximum permissible 
RBE dose for the whole population was recommended. These values are summarized 
in Table VI. Although the NCRP has not given maximum or average values for the 
whole population, it has given maximum values for the neighboring population. 
Since the maximum values for the whole population cannot reasonably exceed the 
maximum values for the neighboring populations and since the NCRP values for 
neighboring populations are the same as the maximum RBE dose values given by 
the ICRP for both neighboring and whole populations, they are listed in Table VI 
as maximum values recommended by ICRP and implied by NCRP. The values 

1.5 rem/yr, 1.5 rem/yr and 0.5 rem/yr in column 2 of Table V for sub-groups 

By B» and B. respectively are given by ICRP as maximm RBE dose rates, yet 
the size of this combined group, B, is given as 3.3% of the total population. 
As shown later in this duscussion, in order to arrive at this 3.3%, it is 
necessary to assume that the average RBE dose rate to this combined group B 

is 0.5 rem/yr. Thus indirectly we find that the average RBE dose rate for 
sub-group Bre) can be only slightly less than the maximum of 0.5 rem/yr since 


group B is comprised primarily of sub-group Bre) 





3r¢RP Publication, "Report on Decisions at the 1959 Meeting of the 
International Commission on Radiological Protection", HEALTH PHYSICS, Vol. 2, 
No. 3, pp 317-320 (Feb. 1960), amd Amer. J. of Roent., Vol. 83, No. 2, 
Pp 372-375 (Feb. 1960). 
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TABLE VI 


PRESENTLY SUGGESTED PERMISSIBLE pose *)n9 BODY ORGANS OF POPULATION-AT-LARGE 


Thyroid and Skin 
(c) 


Bone 
Gonads and Total Body 


Blood Forming Organs 
Lenses of Eyes 


Other Organs 





(a) Values given are in addition to doses from medical and from background exposure. 


(bo) These values should be multiplied by 0.3 to obtain the portion of dose suggested 
for internal sources. 


(c) This "n" is referred to as the "relative damage factor". It is 1 for Ra isotopes 
and for 7 radiation, otherwise it is set equal to 5 for all radionuclides in bone. 

(4) The average values for whole population are “suggested” and not “recommended” by 

ICRP. The Ad Hoc Committee of NCRP has suggested an average rate in the neighbor- 


hood of background (or 0.1 rem/yr) but this "suggestion" has not been confirmed by 
NCRP. 


(e) These maximum values are recommended by ICRP and implied by NCRP. 
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Perhaps this is a good place to point out that there are no basic 
differences in the RBE dose and MPC values set by ICRP and NCRP. The differences 
shown in Table II resulted from the fact that two separate groups worked inde- 
pendently on the problem and it is surprising that they came up with essentially 
the same numbers although the values were set at different times and each group 
might have had access to different reference material. The fact that the ICRP 
has suggested average values of RBE dose and corresponding MPC for the whole 
populations and that the NCRP has not made such suggestions is only a difference 
in timing and the speed with which meetings convene and with which deliberations 
and decisions are put into print. Reference to the last item in Table IV 
indicates that an ad hoc cumittwe: of NCRP has suggested (but not recommended) 
for the population-at-large a somatic dose limit from man-made sources (other 
than medical) that is not substantially higher than natural background. For 
this purpose the report gives natural background RBE dose rate as 0.1 rem/yr 
or 0.002 rem/wk which by comparison with Table VI is lower than the average 
value 0.003 rem/wk suggested by the ICRP for gonad and total body exposure and 
still lower than the average values suggested by ICRP for other organs of the 
body. It is too early to say what values for average RBE dose will be suggested 
by NCRP but I think it is safe to say that they probably will not be signifi- 
cantly different from those suggested by the ICRP. 

There are those that have been concerned about the basis used by ICRP 


in setting MPC values for genetic exposure to the whole population since they 


*neport of Ad Hoc Committee of NCRP: "Somatic Radiation Dose for the 
General Population", SCIENCE, Vol. 131, No. 3399, pp 482-486 (Feb. 19, 1960). 
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applied to 
Wrongly concluded that the values were based on the factor of 1/100, the MPC 


values for occupational exposure. We, too, might well be concerned if this were 
the method used. However, as Chairman of the ICRP Committee that first used this 
factor, I would like to state categorically that the basic values of average RBE 
dose for the whole population were selected first and that this factor of 1/100 
was then selected for application ..to the MPC values for occupational exposure 

in order to meet the basic stendardsa thet had been suggested for genetic ex- 
posure of the whole population. 

Table VII lists the value of average genetic RBE dose of 5 rem/30 yrs and 
shows its apportionment to various sources of exposure as suggested by the ICRP. 
This value of 5 rem/30 yrs is in addition to background and medical exposure, 
each of which I have listed in Table VII as 4.5 rem/30 yrs; this I did for con- 
venience in comparison. There is no good estimate available of the average 
gonad dose from background radiation in the U. S. Perhaps 3.5 rem to age 30 
would be a better value but natural background is known to vary in the U. S. 
from about 2 to 12 rem/30 yrs, depending primarily upon the type of building 
material used in the construction of homes. The value of 4.5 rem/30 yrs for 
medical exphaune is essentially the value of 4.6 rem/30 yrs reported by 
laughlin and Pullman? as the average in the U. S&S. As stated by the ICRP’: 


"Since the genetic dose from medical exposure in most countries is much lower 





Laughlin, J. S. and I. Pullman, The Genetically Significant Radiation 


Dose Received by the Population of the United States, "Gonadal Dose Produced 
by the Medical Use of X Rays", Preliminary Edition of Section III, National 
Academy of Sciences-National Research Council, March 1957. 


ICRP Publication, Recommendations of the International Commission on 
Radiological Protection, Report No. 1, September 9, 1958. 


*Granite and some of the shales used in construction of houses contain 
unusually high natural background radiation. 
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TABLE VII 


UNCLASSIFIED 
ORNL-LR-DWG. 43277 


PERMISSIBLE GENETIC DOSE TO THE POPULATION-AT-LARGE 
SUGGESTED BY THE ICRP TO SERVE AS A GUIDE 





(RBE DOSE IN rem TO AGE 30) 


1.5 INTERNAL 
(4.5 MEDICAL)* 2.0 0.5 EXTERNAL 
2.0 GENERAL TO POPULATION-AT-LARGE 
5.0 OTHER 
1.0 OCCUPATIONAL 
(4.5 BACKGROUND)* 3.0 0.5 SPECIAL GROUPS 
1.5 RESERVE 
T4 TOTAL 5.0 3.0 





*THE MEDICAL AND BACKGROUND VALUES ARE PROBABLE AVERAGE VALUES IN THE U. S. 
AND ARE NOT VALUES SPECIFICALLY RECOMMENDED BY THE ICRP. 


ia 
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than 4.5 rem and since in those countries in which it is high efforts are being 
made to reduce it, the total genetic dose from all man-made sources actually 
received by the world population may be expected to be considerably less than 

10 rem perhaps even less than 6 rem in the foreseeable future." The ICRP points 
out further in this report: "Estimates made by different national and inter- 
national scientific bodies indicate that a per capita gonad dose of 6 to 10 rem 
accumulated from conception to age 30 from all man-made sources, would impose 

a considerable burden on society due to genetic damage, but that this additional 
burden may be regarded as tolerable and justifiable in view of the benefits...." 
It was on this basis that the values given in Table VII were suggested. Since 
it was further suggested that 2 rem/30 yrs of the 5 rem/30 yrs should be assigned 
to the population-at-large and that 3/4 of this or 1.5 rem/30 yrs should be 
assigned to internal dose, it follows that the MPC values suggested for the 
population-at-large are 1/100 of the values for ocgupational exposure. That 

is: 


1) Permissible RBE dose for occupational exposure = 5 rem/yr average 
to the gonads and total body. 


2) The MPC values for continuous occupational exposure are based on 


this 5 rem/yr value when gonads or total body are the critical 
tissue. 


3) The average RBE dose suggested for the internal dose portion of 
the genetic dose to the population-at-large was 1.5 rem/30 yrs 
(or 0.05 rem/yr). 


4) 1/100 x 5 = 0.05 rem/yr or the corresponding MPC values for the 
population-at-large would be 1/100 of the MPC values for con- 
tinuous occupational exposure when the values are based on the 
gonads or the total body as the critical body organ. 


The suggestion by the ICRP of an average RBE dose limit of 5 rem/30 yrs to the 


gonads and an apportionment of 1/3 of this to internal dose leading to the 
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factor of 1/100 (that is to be applied to MPC values for occupational exposure 
to correct them to reasonable values for the whole population) was made primarily 
to provide protection from genetic damage. Thus the factor of 1/100 should be 
applicable exclusively to MPC values for 168 hour occupational exposure in cases- 
for which the gonads are the critical body organs. Since data on the concen- 
tration of radionuclides in the gonads are very limited and almost non-existent 
and since the gonads are irradiated also when the total body is irradiated, 

the values given in Table VII were applied by the ICRP for the total body as well 
as for the gonads. This decision may have had additional justification on the 
basis that leukemic incidence and shortening of life span are commonly thought 
to relate monotonically to total body RBE dose much the same as genetic damage 
is considered to depend monotonically on gonad RBE dose. By contrast, damage 
which results from an RBE dose to a single organ, for example thyroid cancer 
from 731 exposure or bone tumors from sr?° exposure, is believed by many 
scientists to require a much larger RBE dose and possibly such damage will not 
develop at all unless a threshold or minimum critical RBE dose is received. 

Also it has been shown that there is a synergistic effect when several organs 

of the body are irradiated simultaneously. That is, if RBE dose a is given 

to organ A to produce effect x and if RBE dose b is given in a separate 
experiment to organ B to produce the same effect X, the result of giving doses 
a/2 and b/2 simultaneously is to produce an effect greater than x. Thus from 
the standpoint of somatic damage it was considered reasonable for the present 

at least to allow a larger RBE dose when single organs are irradiated. This 


led to the suggestion by the ICRP that the MPC for whole populations in the 
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case of radionuclides which localize in organs other than the gonads or total 


pody (i.e., the critical body organ may be bone, liver, muscle, kidney, etc.) 


_ might be determined by multiplying the MPC values for continuous occupational 


exposure by 1/30 as indicated in Table V. 


The use of values given in Table VII or the application of the factors of 
1/100 and 1/30 is not believed to be a critical matter at the present time 
because these are average values for the whole population and barring an atomic 
war there is no indication that these suggested values of average RBE dose will 
be reached by the population-at-large for many, many years. However, these 
values have been useful as a first or interim suggestion by the ICRP and per- 
haps as definitive information becomes available these values will be 
revised. It should be emphasized again that it is not just the 5 rem/30 yrs 
that we should take into account in our long range planning of permissible 
exposure to the population-at-large, but medical exposure as well or the 
entire 9.5 rem/30 yrs. It is quite possible that some countries that have 
an average medical exposure of 2.5 rem/30 yrs will wish to raise the 
5 rem/30 yrs value suggested in Table VII to 7 rem/30 yrs or perhaps in the 
U. S. we can lower medical exposure and allow ourselves more flexibility 
for radiation protection or for higher industrial exposure. Some communities 
in the world where the natural background radiation is much higher than the 


average may wish to lower the value of 5 rem/30 yrs. In any case, it is 


apparent that there may be considerable reshuffling of the suggested values 
given in Table VII and this aportionment may be done differently in some 


countries from that finally suggested by ICRP. 


—-{_-___ 


However, I would be willing 





*Although the Suggested values of average RBE dose will not be reached, 
it is certain that a number of individuals or groups of individuals in the 
population-at-large will exceed the maximum RBE dose. 
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to predict that the total recommended RBE dose from all man-made sources of 
exposure to the population-at-large will not, in the foreseeable future, be 


increased above 10 rem/30 yrs and will not fall below 5 rem/30 yrs. I will 


hazard the guess that a figure greater than 10 rem/30 yrs probably would lead 


to risks that exceed the benefits and that a value less than 5 rem/30 yrs 
would unnecessarily deprive man of many of the beneficial medical uses of 
ionizing radiation and would seriously restrict future expansion of the nuclear 
énergy industry. In any case the use of such values requires very long range 
preparations because the gradual buildup of the long-lived radionuclides in our 
environment is not a process that is easily or quickly reversible and we must 
plan on reaching a satisfactory saturation level of radioactive contamination 
in our environment; a level that will assure for many generations of mankind 
that the benefits of nuclear energy will exceed the price they must pay in 
radiation damage. 

Although the values given in Tables VI and VII were suggested specifi- 
cally with reference to man-made sources of ionizing radiation resulting from 
peacetime application of nuclear energy and other non-military sources of 
ionizing radiation, the question may be raised as to whether or not the values 
can or should be applied to fall-out and other exposure from the testing of 
nuclear weapons or from the operation of vehicles such as submarines, surface 
ships, aircraft, and man-made satellites that are propelled by nuclear energy 
and that could perhaps be converted into instruments of war. I do not know 
the answer to this question. Certainly the values in Tables VI and VII could 


not and would not be applicable in time of all-out nuclear war. It is evident 
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that the values are already being applied in many countries to the problem of 
fall-out from the testing of nuclear weapons. Although I would not wish to appear 
in any way to represent the views of the ICRP in this matter, I might say that it 
is my personal opinion that these values can and should be applied in the above- 
mentioned cases and that they should be applied to all other sources of man-made 
ionizing radiation exclusive of medical exposure and exclusive of exposure 
resulting from a nuclear world war (which we sincerely hope will never develop). 
Likewise, from a practical point of view and until a basis for setting better 
values can be arrived at, I would like to think that we will not cash in on the 


1.5 rem/30 yr reserve and that the 2 rem/30 yrs as listed in Table VII includes 


all exposure of the general population~-at-large exclusive of natural background, 


medical application, occupational exposure, and exposure to the special groups 
B,, B, and B,. Thus, the 2 rem/30 yrs would include all the RBE dose both 
internal and external resulting from contributions from weapons fall-out, 
radioactive waste disposal, TV sets, shoe-fitting machines, radium dial watches, 
passenger flights in aircraft, etc. 

Before any country or group of countries makes plans to use up during the 
lifetime of our children any appreciable fraction of the 5 rem/30 yrs average 
dose to mankind from all sources of ionizing radiation other than medical 
exposure and background radiation; and in particular, before there are designs 
to use up our bank account of 2 rem/30 yrs (given in Table VII) or make 
extensive use of the factors of 1/100 and 1/30, much additional basic data 
must be obtained; data on which to base sound judgements. This data must 


include information onthe overall benefits of nuclear energy as well as the 
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total integrated damage and one must be carefully weighed against the other. 

It is not my assignment to discuss nuclear energy benefits at this time but with 
reference to the radiation hazards, we must learn more about the functional 
relation between RBE dose at this very low level of exposure and the various 
types of radiation damage, such as the shortening of life span, reduced 
resistance to disease, genetic changes and the ecological effects on our environ- 
ment. Many types of radiation damage will require studies of several generations 
of large numbers of exposed humans before completely definitive answers to those 
questions can be given. In some cases useful indications can be obtained from 
animal experiments but it has been shown that the incidence of some types of 
biological damage as a result of radiation exposure depends markedly upon the 
species, and some of the many parameters used in making the dose calculations 
vary by an order of magnitude, e.g., the biological half-life for cgi 3? has been 
shown by W. H. Langham and E. C. Anderson! to be 1.5 days for the mouse and 110 
days for man. In using the 2 rem/30 yrs as given in Table VII and the numbers 
1/100 and 1/30 as suggested factors to be applied to the occupational MPC 
values, we must not loose sight of the fact that the MPC values for occupa- 
tional exposure are based on the standard adult man, and not necessarily on 

the most critical group in the population-at-large. Thus the factors of 

1/100 and 1/30 can be applied only as a general guide. When these values are 


applied to the occupational MPC for a given radionuclide and for a particular 


Ttangham, W. H. and E. C. Anderson, "og i3T Biospheric Contamination from 
Nuclear Weapons Tests", HEALTH PHYSICS, Vol. 2, No. 1, 30 (July, 1959). 
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situation, we must determine which members of the population comprise the 


critical group for this specific radionuclide, i.e., for this radionuclide the 
or 
critical group may be the 3-year-old chilitren/it may be the in utero children. 


In obtaining this information we must answer many questions: How much of this 


material passes the placental barrier? Which organ receives the greatest 


concentration and which the greatest damage? What is the distribution of this 


radionuclide within the critical organ? What is the mass of this organ rela- 


tive to that of the standard man? What is the radiosensitivity of this critical 


group relative to that of the standard man? In what foods does this radio- 


nuclide concentrate and what group of people eats large quantities of this food? 


How is the body uptake of this radioelement influenced by the uptake of 


similar elements? How much can this radionuclide be concentrated by the food 


cycle? What damage will this radionuclide have on the food chain and on the 


environment itself? 


In all of these discussions reference is made repeatedly to the standard 


man to whom the values given in the Internal Dose Handbooks of NCRP® and ICRP? 


apply. In the early Plutonium Project period, 1942-1949, there was con- 


siderable difficulty in comparing the calculations of the health physicists on 





SucRP Committee II Report, "Maximum Permissible Body Burdens and Maximum 
Permissible Concentrations of Radionuclides in Air and in Water for Occupational 
Exposure," National Bureau of Standards Handbook 69, issued June 5, 1959, U. S. 


Department of Commerce, Superintendent of Documents, U. S. Government Printing 
Office, Washington 25, D. C. 


ICRP Committee II Report,"Permissible Dose for Internal Radiation" (1959 
Revision), ICRP publication No. 2, Pergamon Press, April 1960, London, England. 
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RBE dose received in the body organs from the various radionuclides because 
there were differences in the long chain of assumptions (uptake, elimination, 
concentration, size of organ, etc.) made by each research worker. As a result 
of this difficulty it was decided at the Chalk River Conference?° in 1949 to 
establish the standard man. The Internal Dose Committees of NCRP and ICRP set 


about this task and these characteristics have been published in the various 


handbooks”? 7 of these committees. The standard man has been a great boon to 


health physics, for without "him" it would be impossible to publish MPC values 
that are generally understood and agreed upon, and to compare hazards from the 
vaious radionuclides. By far the greatest source of information on the standard 
man-made use of. in the latest revision of the ICRP Internal Dose Handbook” is 
the cooperative program of the Oak Ridge National Laboratory Health Physics 
Division and of the University of Tennessee’ in which the distribution of 39 
elements in 35 organs of the human body has been studied. This spectrographic 
study has examined human tissue from both sexes, from many age groups and from 
over 400 bodies furnished from 13 countries of the world. When combined with 
spectrographic data on foods and body excretions this data has been useful not 


only in determining the mass and size of organs and the element concentration 


10cne1k River Conference on Permissible Dose. A Conference of representa- 


tives of the United Kingdom, Canada, and the United States, Chalk River, Canada, 
September 29 and 30, 1949. 


Uvorge , K. Z., I. H. Tipton, and M. J. Cook, "Summary of Data Used in 
Revision of Internal Dose Recommendations of the International Commission on 
Radiological Protection,” eedings of the United Nations Second International 
Conference on the Peaceful Uses of Atomic Ener, Vol. 21, p B (1958). Also see 
Oak Ridge National Laboratory CF Memo Report fenbers 56-3-60, 57-2-3, 57-2-4, 
57-11-33, 58-10-15, and 59-8-106. 
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in the organs but also the retention and the biological half-life. One impor- 


tant contribution of this program is the assistance it is giving in the evaluation 





of genetic dose, 





Prior to this study the Internal Dose Committee was able to 


find biological data on gonad concentration for only 7 radioisotopes. This spectre- 





graphic program has furnished values of gonad concentration for 39 elements and 
these data in turnhave been used in finding corresponding values for many radio- 
isotopes of these elements. 
When setting the basic standards for the various exposure groups as summarized 
in Tables II and V and when selecting the corresponding MPC values, we, as members 
of NCRP and ICRP, are constantly reminded of the many uncertainties in the data 


and the probable errors in our assumptions. In particular, as Chairman of the 





Internal Dose Committees of these two organizations, I am aware of the magnitude 


and importance of our assignment, of the shortage of suitable data on which to 













base reliable estimates and of the limitations of our methods of calculation. In 





our most recent past publication we gave MPC values for 8 radionuclides but in 
the present sevistens’? 9 MPC values are given for 240 radionuclides. The complete 


Internal Dose Handbook” gives not only the MPC and total body burden q values for 





these 240 radionuclides but lists also over 12,000 biological and physical data 





that were used directly in calculating these values. In addition over 50,000 other 


(unlisted) parameters were used in selecting values and in making calculations, and 
2,000 principal references were combined tcaijform a separate reference took. 2? 
Thus it is no simple task to collect these data, evaluate and select the most 


appropriate values and carry out the necessary calculations; some of which become 









rather involved. 





The task would be accomplished with much greater satisfaction 
if more accurate health physics and radiobiological data were available. 








12st pltography for Biological, Mathematical, and Physical Data for ICRP 
Committee II Report, Health Physics, Vol. 3, 1960. 
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Ideally we would like to have human exposure data for each of the radionuclides 
and, although we are happy there have been very few radioisotope accidents, 
the lack of such accident experience and exposure history ironically poses 
one of the most serious problems in providing data for the establishment 
of tested and proven MPC values. In fact, the health physicists have done 
such a good job in preventing radiation accidents that they have cut off 
the most useful potential source for providing MPC data: 
As indicated by Table I and by the discussion in the paper, "Dosimetry of 


1 
Internal Radioactive Isotopes," submitted by K. Z. Morgan in these hearings 3 


, 
there is a long list of parameters (f}, fo, f4, fy, fy, Tr, Ty» T» Fy E, 

RBE, N,G&, m, 9, x,4» f, G, hy by, 8, W, p, Pe, ete.) that must be 
obtained before satisfactory values of total body burden, q, and MPC can 

be determined and before detailed information can be given with reference 

to RBE dose distribution, excretion of the radionuclide and many other 
factors useful in evaluating an exposure. As pointed out in the discussion, 
"Dosimetry of Internal Radioactive Isotopes", 3 various groups of health 
physicists and radiobiologists are working to obtain this data but it will 

be many years before most of it can be obtained for the 400 radionuclides of 
greatest interest and it will be much longer before this data is obtained for 
the many chemical and physical forms of each of these radionuclides. The 
present values in the Internal Dose Handbooks of NCRP® and ICRP? refer only 


to the standard man. In cases of accidents with radionuclides and in the 


application of these values to groups such as children and pregnant women 


l3vorgan, K. Z., “Dosimetry of Internal Radioactive Isotopes", Congressional 
Hearings on Radiation Protection Criteria and Standards: Their Basis and Use," 
May 1960. 
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the professional health physicist must give special consideration to 
modification of the MPC values to make them applicable to the most 
critical members of the exposed population. For example, in the case of 
the reactor accident at the Windscale Plant in England on October 10, 1957, 
it was found that the ps in milk presented the greatest hazard and the MPC 
had to be set on the basis of exposure to the 6-months-old child that had a 
thyroid of 1.8 grams (rather than the 25 gram thyroid of the adult) and on 
the basis of a milk consumption of 0.9 liters per day that would deliver 
a maximum emergency RBE dose that was set for children at 25 rem. 

In Table VII], I have summarized some of the more important data from 
the report of the Medical Research Council of Great Britain?’. These values 
were suggested by members and special committees of the Research Council 
after they had lived with, studied, and evaluated their Windscale accident. 
The question was raised by the ICRP at the 1959 Munich meeting; What 
are suitable exposure levels for the population living near the controlled 
area in case of a major accident with a nuclear reactor or with a chemical 
plant for the reprocessing of nuclear energy fuel? It was agreed that 
this British report offered the best available suggestions 
of permissible exposure values for the neighboring population during such 
an emergency and the ICRP stated, "The Commission considers that the British 
Report recommending criteria for acceptable levels under emergency conditions 
of yi31, sr99, sr?, and cst3? ingested in food or milk constitutes a useful 
aud sound approach to the subject." Although these emergency values have not been 
officially endorsed by the NCRP, they probablyoffer the best guide of emergency 


values for us to follow if and when we in the U. S. have a Windscale type accident. 





lvedi cal Research Council of Great Britain "Maximum Permissible Dietary 
Contamination after Accidental Release of Radioactive Material from a Nuclear 
Reactor," Brit. Medical Journal, Vol. 1, pp 967-969 (April 11, 1959). 
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Even though these values are lower by almost a factor of 100 than some persons 

in the United States have suggested for such emergencies, I personally believe 
they are by far the best emergency values for our use in the preparation of 
reactor hazard reports and in evaluating possible accidents of this type. At 

Qak Ridge National Laboratory we, as members of the Health Physics Division, have 
considered what we would do in case we should have an accident of the magnitude 
of the one at Windscale and have agreed that the British separty* probably fur- 
nishes us our most useful guide in setting emergency exposure levels for the 
neighborhood population. As a result of the British experience we extended our 
survey program to measure the radionuclides in milk, in other foods, and in other 
vegetation. The radioactivity which we measuye' at present is caused primarily 
by fallout from nuclear weapons that have been tested in other parts of the world; 
nevertheless, this weapons fallout material furnishes us a useful tracer to test 
our survey methods and instruments and keep prepared in case of an emergency in 
our area or elsewhere. Also for many years we have had an aircraft survey pro- 


gram and this together with our ground and river surveys places us in a good 


position to &ct promptly should stich’ an extremely improbable event occur. 


We recognize there are many uncertainties and inaccuracies in the MPC values 
but with no apoligies, I state that the values represent the work and painstaking 
efforts of hundreds of individuals and probably furnish the best data available 
on the subject at the present time. In fact, I have been pleased on several 
occasions to observe that where these values have been checked by recent date 


from human accident cases, surprising agreement with the Internal Dose Handbook 
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—— has been indicated. Although we would be immensely happy if more accurate 
and more applicable data were available for the establishment of the proper MPC 
values, we confidentially believe the current values in their present form serve 
a most useful and essential function since thousands of persons are now working 
with many of the radioactive materials, and radioactive waste disposal and fall- 
out problems are of wide spread concern. We need this MPC data provided by the 
Internal Dose Handbooks and must use it wisely until research and accident ex- 
perience can provide better information. Readers who are interested in obtaining 
more detailed information on the accuracy and limits of error of the values presently 
given in the Internal Dose Handbooks should refer to the statement relative to 
limits of error of the MPC values as prepared for these hearings by Dr. Walter S. 
Snyder? » Secretary for the Internal Dose Committees of NCRP and TcRP. 

The Committee expects tp revise these handbooks every six years and thereby 
bring the published values up-to-date at this frequency. In the meantime, Dr. 
Snyder and I recéive dozens of t&ilephone calls and letters each week from persons 
all over the world inquiring the latest MPC data on the various radionuclides. 

We, with the assistance of our small group, Mrs. M. R. Ford and Miss M. J. Cook 
of Oak Ridge National Laboratory, and with the help of the other committee members, 
are doing our best to ferret out and make available all the health physics and 
radiobiological data that are available in this field. We urgently need and soli- 


cite all the help we can get. 





snyder, W. S,, “Range of Uncertainty of MPC Values," Congressional Hearings 
on Radiation Protection Criteria and Standards: Their Basis and Use, May, 1960, 
Washington, D. C. 
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It should be kept in mind in all of these discussions that the goal of 
NCRP and ICRP and the life mission of all health physicists is to minimize and 
prevent all unnecessary exposure to ionizing radiation. If certain types of 
damage such as leukemia, shortening of life span, and genetic changes vary 
as an isotonic function of the RBE dose, there is no such thing, in one sense 
of the word, as a safe level of exposure. Probably all exposure, no matter 
how small, is harmful and so the question becomes one of weighing the harmful 
effects against the benefits, and of setting the maximum permissible RBE dose 
levels so low that the risk is exceedingly small and the harmful effects are 
of the same order of magnitude as those received and willingly accepted from 
other industrial hazards. Some of these common hazards with which we might 
compare ionizing radiation are overeating, lack of sleep, cigarette smoking, 
gasoline fumes, smoke from our furnaces, slick floors in the bathroom, 
automobiles without safety belts, etc. This situation can be illustrated 
vest by reference to Fig. 2. Here the lower curve is monotone, i.e., each 
increment of dose results in an increase in damage, and I have shown the 
probable errors on this curve getting larger as the dose gets smaller so that 
at very low doses we have no real basis f/f establishing the shape of the 
curve. On this same figure, I have plotted the benefits of nuclear energy. 

At very low doses the net benefits are negative (damaging) because the exorbitant 
cost of working with nuclear energy at levels close to background is so great 
that nuclear energy is not worthwhile. At dose X the benefits of nuclear energy 
reach a maximum XX' and exceed the radiation damage XX"; at dose y the benefits 
Yy' just equal the radiation damage yy"; and at dose Z the radiation damage ZZ" 


is so great that there is no net benefit. For comparison, I have plotted on 


3 
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this same figure the food intake curve and it is noted that the benefit 


reaches a maximum at optimum intake beyond which the benefit decreases and 


eventually the food intake is so large that it is damaging. This curve 

is very similar to the nuclear energy benefit curve in that both have 
maxima and death is the end result if the dose gets too large. I would 
suspect that if we had plotted the smog curve on this figure it might have 
the same shape as the ionizing radiation damage curve, i.e., there is no 
amount of smog that is beneficial and high doses can be fatal. 

Some certain types of radiation damage probably vary isotonically with 
the RBE dose, the larger the exposed group, the smaller the maximum and 
average permissible dose as indicated in Table V. In fact the ICRP defines 
the size of the exposure group by the equation, 


100 x av. netic dose/30 to grou 
S = 30 x av. annual dose to group 


Applying in this equation data from Tables V and VII we find that the suggested 
size of the combined special groups B,, Bp» B. is 3.3% and the size of 
occupational group A is 0.7% of the total population. 

As shown in Table V,0.5 rem/yr is the maximum suggested RBE dose rate 
for group B, and 1.5 rem/yr is the maximum suggested RBE dose rate for groups 
B, and B,. Since the size of the combined group Ba,» Bp and B, is given by 
ICRP as 3.3% of the total population, the average of this combined group is 
found from the above equation to be 0.5 rem/yr. Further, since group B, 
is probably much larger than Ba + By, it follows that there probably is 


not much spread between the average and maximum suggested for group B,. 
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Thus, if we comply with the suggestions of ICRP, large potential sources of 
population exposure must not be located within the heart of a big city because 
in case of major radiation accidents in densely populated cities we would be 
certain to exceed this maximum of 0.5 rem/yr for many members of the neighboring 
populations (group B.)- In addition, we must avoid exceeding the average for 
group B. which as indicated is only slightly less than 0.5 rem/yr (or the average 
for combined groups B., Bh, and B, of 0.5 rem/yr). As pointed out previously, 


the ICRP endorsed the emergency values recommended by the Medical Research Council 


of Great Britain?’ and the number of persons receiving such large emergency doses 


will have to be kept small in order not to exceed the average for group B,. 

At the present time the nuclear energy industry is in its infancy and the 

in most cases 

health physicists/have the hand tightly on the throttle that reduces risks and 
adds safety factors. There have been only 3 fatal radiation accidents and few 
overexposures in the United States in this new industry. The turnover rate of 
employment as in most industries is rather high; for example, at our Oak Ridge 
National Laboratory which has been operating and expanding since 1943 the average 
work period of an employee is about 6 1/2 years. Suppose, however, that after 
many years there are a number of occupational workers in the United States who 
have been in this industry for 50 years and that during this period the health 
physicists have fought a loosing battle in applying safety factors and in keeping 
the RBE dose appreciably below the maximum permissible values given by NCRP and 


ICRP and listed in Table II. In such case some of this group of employees will 
have accumulated 250 rem to the blood forming organs, total body, head and trunk, 
gonads, bone, and lenses of the eyes; some will have accumulated 1500 rem in the 
thyroid and in the surface layer of the skin, and 500 rem to a depth of 5 cm 
below the surface; most of the body organs (muscle, liver, spleen, kidney, brain, 
heart, etc.) may have accumulated 750 rem. Some of these employees will have 
accumulated 3750 rem to the feet, ankles, hands and forearms. Certainly few 
persons would claim that such exposures are: harmless and I believe most persons 
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would agree that this occupational exposure was received at a price. All 
health physicists would hope that the added benefits of higher production, 
cheaper operating facilities, higher wages, cheaper electricity, etc, would 


outweigh this price. Even with these seemingly high exposures there would be 


a difficulty with our present methods of diagnosis--if not an impossibility-- 


in proving radiation damage to any single individual. However, careful and 
detailed physical examinations, making use of newly developed medical techniques 
could reveal biological changes, some of which might be interpreted as 
damaging to the individual. Certainly if this group of occupational workers 
were large enough, there would be no question of the possibility of proving 
radiation damage when basing the conclusions on a statistical analysis of 
the diagnostic data. Thus, in summary, we would expect occupational exposure 
at the maximum permissible RBE dose rates would not produce any readily 
detectable damage in the lifetime of an individual and we would expect that 
the magnitude and frequency of occurrence of any observable damage as 
detectable by a statistical analysis of a large number of occupationally- 
exposed individuals would not exceed the frequency, magnitude or severity 

of other types of damage found in similar occupational groups. It is my 
opinion that the present basic exposure rates and corresponding MPC values 
for occupational exposure - in spite of a reduction by the ICRP by a factor 
of 10 since 1950 - are still on the high side in terms of a large number 

of employees working right at the maximum RBE dose limits for a period of 
50, or even 20, years but I believe our attitude is much more cautious than 
in thé case of medical exposure in the United States. However, due 

to the safety factors that are now almost universally applied by the 

health physicists, the present exposure rates seem to be safe and 


quite reasonable for most operations at the present time. 
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Perhaps this interest in safety is contagious for we have been so safety conscious 
with reference to all types of hazards at the large nuclear energy establishments that 


our accident frequency rate for all types of accidents has been much lower than that 


in other comparable industries; for example, the accident rate at Hanford and ORNL 


during the past few years has ranged from 134 to 20% of that in the chemical in- 
dustry of the United States. Thus, it may develop that in spite of the radiation 
risks the nuclear energy industry will prove indefinitely to be one of the safest 
of American industries. 

The question is sometimes asked "On what are the basic standards of radiation 
protection based and to what extent are they related to acute radiation effect?" 
It is difficult to state exactly what paramount objectives were in the minds of 
the early fathers that first established radiation protection standards. However, 
followtig’ the discovery of iontsing radiation ‘the need for basic protection stan- 
dards was not long in@¢eming. For example, Emil Grubbdé of Chicago, Illinois dis- 
played an X ray burn on his left hand three weeks after Roentgen announced his 
discovery of X rays in November 1895 and in March, 1896 John Daniel of Vanderbilt 
University observed epilation (loss of hair) as a result of X ray exposure. 

Ss. Ruse© was one of the first persons to make a comprehensive series of recom- 
mendations for radiation protection. Unfortunately, his recommendations as given 
before the British Roentgen Society in 1915 were not heeded, for had they been, 
much of the loss of life due to radiation damage which showed up immediately 


following the first World War might have been averted. It was not until July, 1921 


bruss, S., "Hard and Soft X-Rays," Arch. Roentgen Ray, 19, pp 323-25, 
(1914-15), London. 
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that the British X ray and Radium Protection Committee presented its first 
radiation protection measures and the American Roentgen Ray Society published 
its first radiation protection measures in September, 1922. The very earliest 
levels of exposure to ionizing radiation were set to avoid the appearance 
of skin erythema (redéening of skin which took place at about 200 rem for 
low energy X rays and at about 800 rem for high energy X rays) and so the 


first X ray dose unit was referred to as the erythema dose unit - the dose 





just sufficient to produce erythema. Many definite proposals for radiation 
protection were adopted by the second International Congress of Radiology~ 
which met in Stockholm in 1928 but it was not until 1934 that the International 
Commission on Radiological Protection adopted the basic standard of dose in 


terms of physical unit, namely, 0.2 roentgen per day or 1 roentgen per week 





(see Table III). 





This value of 1 r/wk was based upon medical experience 








and studies of radiation effects such as radiation sickness, leukemia, cancer, 
and sterilization as well as erythema and epilation. 
The unfortunate cancer experience of the early radium dial pianters 


did not show up in most cases until many years following the exposure and as 
7 







1 
a result the NCRP did not make its first recommendations specifically for 









the protection of radium workers until 1934. It was not until some time later 
that quantitative methods of breath analyses and direct electrometer survey 
techniques were developed so that a quantitative limit could be given for defining 


an acceptable body burden of radium. It was at that time (1941) that an 





17publication by the early NCRP which was called Advisory Committee on 
X Ray and Radium Protection, “Radium Protection for Amounts (of Radium) up 
to 300 milligrams", NBS Handbook No. 18, March 17, 1934. 
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Advisory Committee of the National Bureau of standaras!® recommended 

a maximum permissible body burden for radium of 0.1 yg (approximately 
the same as 0.1 uc of Ra226) and gave the MPC value of 1078 uc/ee of air 
for occupational exposure to Rn&22 , a daughter product of ra26. It is 
of interest to note that these values were so well chosen 20 years ago 


and that the value 0.1 uc of na72 is still in use today and that the 


26 


MPC value for Rn has not changed very much,i.e., the present MPC 


value for Rn““" is 3 x 1078 uc/ee for 40 hr/wk exposure. Dr. W. S. Snyder? 
points out the importance and justification of this 0.1 ue of Rae 
and the fact that it is the basis for the establishment of body burdens 
for all bone-seeking radionuclides - such as sr? - that emit 7, BY? 
in reference 13 

or e~ radiation. I indicate/some of the difficulties that have been 
encountered in the use of the present NCRPS and ICRP? value for the 
MPC of Rn@°2, In spite of the fact that this value is three times the 
values set 20 years ago it seems difficult if not impossible to meet this 
level today in many of the United States mining operations. 

As pointed out earlier all the basic RBE dose values and corre- 
sponding values of MPC are established primarily with reference to 


chronic occupational exposure that extends over a period of 53O years. 


In the case of gonad exposure the concern is to prevent a large increase 


18; wb1tcation by an Advisory Committee of the National Bureau of 
Standards,"Safe Handling of Radioactive Luminous Compounds", NBS Handbook 27, * 
Submitted April 21, 1941; Published May 2, 1941. 
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above the natural incidence in genetic mutations, a fraction of which 

is attributable to natural background radiation; in the case of total 
body exposure the primary concern is to reduce the probability of 
leukemia, to prevent tumors (bone, pulmonary, etc.), and to minimize 

the reduction in the life span; in the case of bone-seeking radionuclides, 
the principal concern is to prevent bone tumors; in the case of radio- 
nuclides that deposit in single organs (other than bone and gonad) 

the prime objective is to prevent damage to these individual organs 

and to set the RBE dose values low enough to avoid general systemic 
damage and to prevent serious synergistic effects should the other 

body organs receive exposure. The RBE dose limit to the lens of the 

eye, especially in the case of neutron exposure is to prevent radiation- 
induced cataracts. The upper limits of single exposure in any 13 week 
interval (as listed in the second column of Table II were set for adminis- 
trative purposes to assure compliance with the age proration limits 

(as shown in column 4 of Table ID and in order to prevent any deleterious 
effects that might be dose rate dependent. Some rate dependent effects are 
reduced fertility, and first generation types of damage to children as 

a@ result of preconceptual or in utero exposure. The RBE dose limits for 


planned emergency exposure of occupational workers is set essentially 


at 4 times the above limit for single exposure and is set especially to 


minimize the more acute types of damage or to fall well below what may 


be considered the threshold dose required for their appearance. 
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The philosophy of risk vs. associated benefits is not unique with the nuclear 
energy business. Perhaps every occupation and every sort of entertainment -- even 
relaxation in the form of sleep -- entails a certain amount of risk and very often 
the risks are not limited to those who receive the benefits. On every big con- 
struction job we expect a certain number of accidents and fatalities. The painter 
and the rock quarry worker have a much higher incidence of pulmonary disease than 
the average worker; the electrician is more likely to be electrocuted than the 
taxi driver but the taxi driver runs more risks from an automobile accident than 
the electrician. The housewife is more likely to slip on the slick floors in the 
home than the woman who works in the factory where she runs risks of catching her 
hand in industrial machinery. Likewise, the nuclear energy worker is more likely 
to receive injury from ionizing radiation than the ordinary chemical worker, yet 
the overall risksof serious injury by the chemical worker are much higher than 
those of the nuclear energy worker, according to our present experience. 

The risks of radiation damage to many “wuclear energy workers are much higher from 
their medical exposure than from their nuclear energy work. ‘The nuclear energy 
worker in the controlled area has a greater risk of exposure from ionizing radi- 
ation than those living in the neighborhood and if a person lives in the neighbor- 
hood of a controlled area he has greater risks of exposure than the average man 
in the population. If, for example, the radiation exposure of the nuclear energy 
worker, W, is 10 times that of the average man, N, in a neighboring community 
and 100 times that of the average man, P, in the population-at-large, some types 
of risks (such as radiation induced leukemia and shortening of life span) to the 


nuclear energy worker, W, may be 10 times that of N and 100 times that of P. 





Prom 
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However, some types of radiation damage are known to be rate dependent and others 
are considered to require a threshold dose before the damage is manifest. There- 
fore, the damage to W is actually 10 S times that to arent 100 q times that to P 
in which q>S>1l. It is very likely that the man N who lives in the neighbor- 
hood of the nuclear energy plant and receives 10 times the exposure of the average 
man P enjoys extra benefits because of the presence of this nuclear energy plant. 
Some of the benefits might be employment for his family and friends, taxable in- 
dustry for his community, and an increasing value of his property. On the other 
hand, he may be an exceptional individual in that none of his family or friends 
are employed in the plant; he may own little or no property and does not appreciate 
the fact that he is the one that pays by way of higher rent when there is a 
scarcity of taxable property in his community. From his point of view, any in- 
crease in the value of property in the community only increases what he will have 
to pay if someday he buys his home. I do not see that the situation of N and P 
with respect to worker W is in any way different whether W works in a steel mill 
that discharges smoke into the air or in a chemical factory or paper mill that 
contaminates the near-by river. We must admit that, if there is a large nuclear 
reactor where W works, there is greater risk to N than to P that someday he and 
his family will be subjec: to fallout from a plant accident. From past experience 
the risk of a serious fallout of this type is exceedingly small. However, if W 


worked in a fertilizer plant there might be even greater risks to N from the stand- 
point of a large explosion. 


54561 O—60——21 
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The probability of radiation risk from work in a nuclear energy plant 
damaving incidents 

or from living in the neighborhood of such a plant can be reduced to a level where the/ 
are equal ar: less in frequency and severity than other commonly accepted indus- 
trial risks. We could reduce this risk to zero but this would mean the elimi- 
nation of the nuclear energy industry. As shown previously, even if we eliminated 
all of our nuclear energy industry in the United States, we would only reduce 
the total man-made exposure less than 0.1%. Therefore, it seems obvious where 
our first efforts should be directed in solving this problem. «a 

We can and must provide containment for large power reactors or nuclear 
chemical plants that are located near populated areas and we should avoid placing 
them too near densely populated areas. This risk problem is little different 
from that of an explosives plant; we make the calculated risk extremely low in 
terms of demage to people and property; we do not remove all the risk to neigh- 
boring communities and we run a small risk of some fatal accidents within the 
confines of the plant. We can and we must spend thousands of dollars for each 
nuclear energy worker to provide him safety -- safety equal to or greater than 
that in other industries. If it costs more to provide this safety than the value 
of the nuclear energy product then the answer is simple -- we get out of the nuclear 
energy business. I do not believe the costs for adequate radiation protection 
will ever price nuclear energy out of business, at least not so long as we can 
maintain adequately our most important line of defense against radiation damage -- 
namely, a strong, adequately trained and properly supported health physics organi- 
zation. In many places this health physics organization needs stronger support 
for its research and applied activities. Unless we resolve to give this pro- 


fessional group the support it needs and encourage more capable young men to 





dents 
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enter this field, radiation protection will become a figment of the imagination. 
Health physics requirements constantly are being questioned and weighed against 
cost, against production requirements, and against convenience of operations. 
This, no doubt, is as it should be for we must consider the cost of everything 
except the truth. However, we must make certain that health physics requirements 
always are given due consideration by those who make the final decisions and that 
these decisions have taken into consideration all the hazards -- both short and 
long range -- and weighed them fairly against the benefits. 

Radiation protection standards and health physics measurements are required 
at certain steps -- but not all steps -- in work with ionizing radiation. For 
example, we might set the maximum permissible RBE dose rate at the surface of 
a TV tube as a value that is considered safe for continuous exposure to the 
most critical members of the population -- the children. In this case if there 
were proper regulation and control of the manufacturers and importers of TV sets, 
and associated equipment, it would not be necessary to make measurements in the 
homes to determine the TV exposure received by the children. As another example, 
suppose it was proposed to conduct certain plant and animal studies in a university 
using ca, In some cases it would be possible to thoroughly mix ca’? with nat- 
ural calcium (in identical chemical form) to a concentration below the level 
considered safe and acceptable for all population groups and use this mixture 
in the experiments. If this were done and if proper monitoring were maintained 
at the source of mixing, it would not be necessary to have any radiation standards 
or health physics surveys conducted for this university research operation or 
for the waste products it discharged to the environment. Although it may be some- 


what more expensive and require more sensitive research instruments to work with 
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the cat? diluted with natural calcium to an absolutely safe level, the elimination 


of health physics costs and the added flexibility might well make this approach 
to the problem the one of first choice for some research projects. 

One of the cardinal rules in health physics is to control and confine the 
radiation or contamination at the source -- the closer the shield to the source, 
the less the shielding required. It is for this reason that work with radioiso- 
topes is carried out in glove boxes and these in turn are placed in hoods and/or 
cells. All the air leaving these glove boxes, hoods, cells, etc. is filtered 
with roughing and with absolute filters placed as close as possible to these 
units -- usually built into them -- and finally all the air is collected from 
the various units and again filtered before going up the discharge stack. 
"Containment" is a philosophy that has long been applied in the construction of 
power reactors and their enclosures. Since a recent series of contamination 
accidents (in 1959) in our high-level chemical operations at Oak Ridge National 
Laboratory, we are applying this "containment" philosophy to these operations 
also. One of the areas in which containment is very important is in the shipping 
of radioisotopes. In 1959 there were 12,950 shipments of 298,000 curies from 
our laboratory and great care is taken in the design of the shipping containers 
and shields to make certain there will be no leakage in shipment; that the con- 
tainerswill maintain their integrity and that the RBE dose rate at the surface 
and at various distances is at all times well within the limits set by the 


Bureau of Explosives. 
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One case where confinement or containment at the source is extremely important 
is the spill or explosion of radioactive taterials. If the accident takes place 
inside a building, the windows are closed, the ventilating equipment is cut off, 
and all access to the contaminated area is limited. In some cases, where radio- 
active spills have occurred these precautions were not taken early enough so that 
the material was tracked by people or spread by the building ventilating system 
over so large an area that it required months for the clean-up, and the decontami- 
nation costs were in the tens of thousands of dollars. 

Uniformity in the basic standards of RBE dose and in the secondary standards 
of maximum permissible body burden q and of MPC as applied to each of the exposure 


groups is essential. Thus, the basic standards as summarized in Table II and the 


values of q and MPC for the various spécified exposure groups should not deviate 


except where corrections are made and the values should be the same for all indus- 
tries, for all applications (save perhaps medical) and for all communities. The 
limits given (see notes b and c in Table II) for single exposures and for planned 
emergencies provide, in as much as possible, a certain amount of uniformity even 
under these special conditions. While this uniformity is essential for the basic 
and secondary standards it is desirable to have as much flexibility as possible 

in all tertiary standards and in all rules and procedures for implementing these 
primary and secondary standards. Thus there may be considerable variation in the 
levels set for readings on nose swabs, for contamination smear samples, for shield 
design and thickness, for types of survey and personnel mmitoring meters used, for 
the methods of collecting and analyzing urine samples, etc. Because of the rigidity 


and uniformity of the primary and secondary standards they should be as clearly and 
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completely stated as possible but as few in number as is required. Thus in 
Table II the basic standards for occupational exposure are given for each of 
the body organs in terms of continuous exposure and in terms of single and emer- 
gency exposure, and in Table V these values are extended to groups By B.? By 
and C. Also, since these values are given in rem units, they can be applied to 
any type of ionizing radiation, i.e., a, 6’, B» 7, xX, e, and neutrons. The 
basis of the principal secondary standard, i.e., the MPC values, are discussed 
in detail in the ICRP Handbook on Internal Dose” where MPC values are given for 
240 radionuclides both for 40 hr/wk exposure and for 168 hr/wk (continuous) ex- 
posure. It is pointed out in this handbook that the appropriate MPC depends on 
the period of exposure; for example the MPC for a 1 hour occupational exposure 
in 13 weeks to a given radionuclide is 40 x 13 times the occupational MPC for 
exposure 40 hours per week. Also the MPC for a mixture of radionuclides is given 


in vhich f, is the fractional part of the i™” radionuclide 


i 
with a concentration (MPC) 4 and Dt, = 1. To obtain the appropriate MPC value 
i 


for a mixture of radionuclides this relation must be corrected for external ex- 
posure and the equation solved for each of the organs involved, taking the lowest 
value as the applicable MPC. . 

The tertiary standards which are very flexible and may vary from place to 
place have as a matter of fact taken on a close similarity in the various operations 
because the thousands of professional health physicists throughout the world (with 
exception of those in the Union of Sovéét Socialist Republics) keep in _— touch 
with each other so that there is a constant exchange of ideas and the adoption of 
the best features of health physics programs and equipment found elsewhere. For 


example, all operations control radiation exposure by the use of access permits, 





RADIATION PROTECTION CRITERIA AND STANDARDS 309 


work permits, restricted areas, warning signs, protective clothing, guards, and 
fences. All health physics groups carry out building and area surveys which in- 
clude the surveying of laboratories, employee lunch rooms, rivers, vegetation, air 
samples, fallout, laundry, etc. Also-all he&lth physics organizations include 
personnel monitoring which is done by means of film badges, dosimeters, pocket 
meters, protective clothing, urine and fecal analysis, total body counting, etc. 
No health physics organization would be complete without instrument calibration, 
source control, ventilation checks, and many of the day-to-day programs of education 
and training in radiation protection. Sometimes the most essential and important 
part of the health physics radiation protection program is its research activities. 
The applied research adapts instruments and techniques to the solution of local 
radiation problems; it finds a practical solution to the local radioactive waste 
(liquid, solid, and gaseous) problems; and determines the best building and equip- 
ment design to do the job. One important applied research activity of health physics 
is its part in the preparation of the radiation hazard reports for each new major 
radiation facility (reactor, chemical plant or accelerator). It is primarily from 
these reports that the radiation safety of a proposed facility can be properly 
judged before it is authorized for construction. 

Over @ long period of time the basic research of the health physics organi- 
zation may prove one of its most valuable contributiomto radiation protection. 
For example, in our own health physics group (at Oak Ridge National Laboratory) we 
are studying the basic mechanisms of radiation damage, we are obtaining parameters 
(stopping power, energy to produce an ion pair, drift velocity, and attachment 


coefficient of ions, etc.) that are esbential in the design of instruments and 
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the interpretation of dose measurements. These same instrument developments are 
being used to evaluate the dose received by the Japanese at Hiroshima and Nagasaki 
and to evaluate the criticality accidents at Los Alamos, Oak Ridge, Yugoslavia, 
and elsewhere to obtain invaluable date in setting the proper basic exposure limits. 
Our ecological research program has as its goal the determination of: the effect of 
ionizing radiation on our efhvirénment:and the establishment of safer ona/relisbie 
basis for long stgetasepaeats At the Congressional Hearings last year (Hearings 
before the Special Subcommittee on Radiation of the Joint Committee on Atomic 
Energy, Congress of the United States, Eighty-Sixth Congress, First Session on 
Industrial Radioactive Waste Disposal, January 28-30; February 2-3, 1959) we re- 
ported on our research of radioactive waste disposal in open pits, by sintering 
of soile, in deep wells by injection, fractionation of rock formations, and by 
disposal in salt deposits. 

It would be unfortunate if the degree and method of health physics measure- 
ments were incorporated into a rigid tertiary standards because the methods in 
many cases must be modified and adjusted to give a best "fit" at each nuclear 
energy site. For example, the instruments that are best suited for building and 
area survey of G-contamination at Hanford might be completely unsuited at Osk Ridge 
because of the higher humidity and consequent electrical leakage in those circuits 
when used at Oak Ridge. Also at Oak Ridge National Laboratory we place film badges 
on all employees because of administrative conveniences and we read these film 
badges once each 13 weeks in order to reduce the probable error which is + 30 mrad 
for each film read. While this arrangement is the most satisfactory for our labore- 


tory it might not be at all suitable for some other laboratory where only a small 
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percent of the employees are subject to radiation exposure and where the film 
badge meters are not supplemented by pocket chambers and dosimeters. Also our 
laboratory has developed recently a pocket meter that flashes a light and sounds 
& warning sound when its wearer enters a high flux of ionizing radiation. These 
meters are just getting into production and are proving superior in many respects 
to some of the other personnel meters; it would be unfortunate if the tertiary 
standards were so rigid and specific that it would be difficult to replace obso- 
lete equipment as rapidly as possible when more reliable instruments are developed. 
To a certain extent there is a need for flexibility in the levels that are set for 
surface contamination. For example, one laboratory where there are large isolated 
production areas contaminated with pue39 and where protective clothing is re- 
quired for entry might set the surface contamination levels of pus? such that for 
direct reading instruments the maximum reading is 300 disintegrations per minute 
per 100 om® and the average surface reading 4s measured over 10% of the area is 

30 disintegrations per minute per 100 ca: These values: might be too high by a 
factor of 10 for another laboratory that has only a limited amount of work with 
pue39 and where protective clothing is not required. 

Generally speaking it is possible to know whether or not the basic standards 
as summarized in Table V are being exceeded. One can have greater confidence of 
compliance with these basic standards when they are applied to external rather 
than internal exposure and the higher the limits the less the probable error in 
the estimate of compliance with the recommendations. For the usual operations 
it is not too difficult to be relatively certain of compliance with the basic 


dose limits set in Table V for each of the exposure groups -- even with respect 
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to the limits for the population-at-large. However, under certain conditions it 
is impossible to have 100% assurance of compliance in every individual case. Some 


examples of hypothetical cases where the levél of exposure is uncertain are as 


follows: 


241 
1. An employee excretes Am in his urine at a level that indicates 


25% of the maximum permissible body burden if the Am@" ig rixea 
primarily in the bone. Scintillation counter measurements, however, 
indicate more in the chest region than in the rest of the body. In 
this case the basic limit of RBE dose to the lymph nodes might be 
exceeded by two orders of magnitude if most of the Am? 41 is localized 
in a mass of lymph nodes weighing 5 g rather than distributed in the 
7000 grams of bone. 

A man lives on a river bank below a nuclear power reactor. He sub- 
sists primprily on a particular type of fish that concentrates one 

of the radionuclides, say for example ost37, in the river. The level 
of 1/30 of the occupational value for the general population is met 
by the nuclear power plant or plants up the river yet this man has 
an unusual diet and receives a dose in excess of 0.5 rem/yr (the 
maximum for the total body). 

A man works in a laboratory with cl, Unknown to him he has an im- 
properly operating hood. The air sampler in the room indicates he 


is working below the MPC limits for cl yet he concentrates more 


than the permissible limit for cl because he works right next to 
the leaking hood and the air sampler does not give a true indica- 


tion of the contamination in the man's working area. 





4, 
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A nuclear chemical plant discharges pst from its stacks into the 
neighborhood. It does a good job of monitoring and is reasonably 
131 


certain that the level of I is at all times less than 10% of the 


occupational MPC values; yet this plant has been under-designed and 
cannot (or does not) allow much safety factor so that as a matter 

of fact the levels remain close to & of the occupational MPC value 
most of the time. There is a large dairy pasture in the neighbor- 
hood of this plant and the cattle eat the grass that is contaminated 
with pst so that the pst concentrates in the milk. In this case 
the level of 73 in milk might or might not result in an RBE dose 
in excess of the 10% limit to adults who use the milk but it is 
quite possible the dose to the thyroid of the 6-months-old child 
might be 20 to 100 times that of the average adult (because of a 
smaller thyroid, a higher milk consumption, and a higher retention 
131), 


of I Thus the basic dose limits set for the neighboring 


population might be exceeded. 


An employee working with pu>3? cuts his finger on a piece of glass- 


ware. He fails to follow the rules and get a health physics check 
for wound contamination. Suppose in this case, the material is 
insoluble and does not show up in the urine. If the wound con- 
tains even so small an amount as 1 pyg (1 millionth of 1 millionth 
of a gram) the dose at the wound site is likely to exceed the basic 
dose rate. This contaminated wound may never cause trouble, then 
again there is the possibility of the development of a tumor at 


the wound site. 
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Since the MPC values are calculated secondary standards (See Table I) 
such that after 50 years of occupational exposure at these concentrations 
the RBE dose rates as listed in Table II will be reached in the critical 
body organs, it follows that close adherence to these MPC values will provide 
a large factor of safety for the radionuclides for which the effective half- 
life, T is very large (e.g., Ra226 Pu°39 and sr?). Of course if the 
exposure at these maximum permissible levels lasts beyond 50 years, then 


in these later years the RBE dose, rate, would probably exceed the 


recommended levels in Table II. In the case of radionuclides with short 


effective half-lives (e.g., sr°9, Na2+, p32 and 1131) the equilibrium levels 


at the RBE dose rate values listed in Table II are reached very radidly and 
there is essentially no safety factors when operating at the MPC levels. 

As pointed out previously the MPC values are sometimes mistakenly used as 
primary standards. It should be kept in mind that the MPC values for 
continuous exposure (168 hrs/wk) may always be multiplied by 168 x 13/t in 
which t is the number of exposure hours per 13 weeks. Thus, if a nuclear 
chemical plant discharges cad waste into a river, the average in the neighbor- 
hood of the plant should not exceed 1/10 of the occupational MPC value for 
exposure to cat 168 hrs per week and the average beyond this neighboring 
population should not exceed i/30 this occupational MPC value. This of course 
assumes no other man-made radionuclides are discharged into the river. However, 
if this were a fast flowing river it might be possible to discharge 13 times 
the above levels one week every three months provided this did not cause anyone 
to exceed the maximum permissible integrated RBE dose over a 13 week period. 


On a similar basis the fallout dose to a community might be 91 times the 
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values calculated using the factors of 1/30 or 1/100 provided the exposure 
lasted for only a single day out of 13 weeks. Since for administrative 
reasons the operating MPC values are set (or should be set) to protect the man 
with the longest (and greatest) exposure in a given area, this automatically 
provides a safety factor for the others that are exposed. It is fortunate 
that these safety factors have been applied by health physicists in the 

past because only in so doing could protection have been provided for the 
individual as well as for the average man and in retrospect this health physics 
practice partly accounts for the fact that, although the maximum permissible 
exposure levels have been lowered several times in the past decades, as 

shown in Tables III and IV there have been very few persons that have 
accumulated RBE doses in excess of the present integrated limit as illustrated 
by the Oak Ridge National Laboratory exposure record shown in Figure l. 
Usually this same philosphy is applied also in the design of nuclear reactors 
and associated facilities, i.e., the: shields, remote control devices, glove 
boxes, etc., are designed so that during the day-to-day operations the 
employee receives a negligible exposure. Health Physicists usually try to 
keep the design level down to about 1% (i.e., a person working in this area 
would normally receive no more than 1% of the basic dose levels) but since 
this is a tertiary standard and not an ICRP or NCRP rule, we usually have to 
put up a stiff battle for this factor for each new construction job. This 1% 
factor, however, has proven to be a practical and satisfactory figure because. 
with its use in the design of buildings and equipment very little RBE dose is 
received from radiation leakage through the shields, from routine operation 

of valves and switches or from the usual research operations. Rather most 


all personnel exposure results from accidents such as spills, backflows, explosions, 
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and human errors. 

The MPC values are intended for application to the total intake of 
the radionuclide(s). Thus it does not matter whether the intake is by 
inhalation, injection, directly through the intact skin or by any combination 
of these. Likewise as explained earlier these values are to be corrected 
and reduced appropriately for mixtures of radionuclides and for external 
exposure. Since for inhalation it is assumed the standard man inhales 10! ce 
of air per 8 hr work day or 2 x 10? cc per 24 hr day and that he drinks 
and eats a total of 1100 cc of water in an 8 hr work day and 2200cc 
per 24 hr day, the permissible intake values in uc can be obtained for 
the appropriate time intervals by multiplying the MPC values by these 
rates of intake of water or air. Then these intake values in uc can 


be applied to any food, i.e., bread, milk, cheese, salad, etc. 


K. Z. Morgan 
msw:ehl:dcw 


April 25, 1960 
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DOSIMETRY OF INTERNAL RADIOACTIVE ISOTOPES 
By 
K. Z. Morgan, Director 
Health Physics Division 
Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 

In theory one can determine by direct measurement with instruments and/or 
by calculation the absorbed dose delivered by radionuclides contained in the 
body. However, in practice, it is impossible to obtain complete and detailed 
information on the absorbed dose delivered to each organ either by the use of 
instruments or by calculations. 

With instruments such as the whole body counter ome can make quantitative 
measurements of the gamma spectrum emitted by radionuclides in the body, and by 
proper calibration of this equipment with phantoms containing various distri- 
butions of appropriate radionuclides and by the use of shields and collimators, 
it is possible to identify and estimate the quantities of the various radio- 
nuclides and to some extent determine their distribution within the body. 

From this information one can calculate the absorbed dose delivered to various 
body tissues. Needless to say, unless this instrument data can be combined 


with knowledge of the metabolism and normal distribution of these radioelements 





*Oak Ridge National Laboratory Operated by Union Carbide Corporation for the 
U. S. Atomic Energy Commission. 
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in the body, the estimates of absorbed dose are subject to considerable error and 
must be limited to gross approximations of dose to sections of the body or to 
individual organs, i.e., there is usually little or no information furnished on 
the dose distribution within the organ. 

In some cases it is possible to make meesvrements of the absorbed dose 
delivered by radionuclides contained inside the body by implanting small instru- 
ments in the body or by inserting them in the various body cavities. At the 
present time these techniques have not been explored very extensively, but I 
believe much valuable dosimetry data could be obtained by such use of small 
buttons or rods of silver-activated phosphate glass and semiconductors. The 
phosphate glass can be used to measure X,7+ 8, and neutron-absorbed dose 
delivered inside the body and it appears that semiconductors could be used to 
measure the absorbed dose from neutrons or alpha particles. Both of these 
devices are energy dependent and care must be taken in their use to make appro- 
priate correction for the energy distribution of the radiation. This is done 
either by appropriate allowance in the calculations of absorbed dose from the 
raw data or by the proper use of a series of filters placed around these meters. 

With many of the internal dose calculations the critical body tissue is 4 
portion of the GI tract or the pulmonary tree and in these cases, it is 
extremely difficult to make appropriate corrections for self-shielding provided 
by the food or feces in various parts of the GI tract andty the mucous in the 
bronchus. Similarly, it requires simplificetions in the calculations to account 
properly for the movement and translocation of the radioactive materials in 


these two tracts of the body. Hayes, Nold, Comar, and Kakehi- have measured 





lieyes, R. L., M. M. Nold, C. L. Comar, and H. Kakehi, "Internal Radiation 
Dose Measurements in Live Experimental Animals", Parts I and II, to be 
published in HEALTH PHYSICS in 1960 
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the absorbed dose to the intestinal mucosa delivered by 6B -radiation from 
sr°7and y”, In their experiments the silver-activated phosphate glass 
dosimeters were surgically implanted in the walls of the intestinal tract of 
dogs and goats that were given sr°? and x” orally after they had recovered 

from the implant operations. Then the glass dosimeters were removed from the 
animals and read with a commercial-type fluorimeter. In some cases it would 

be possible for the subject (human or animal) to swallow a number of. these 
meters which could be collected and read after they were vomited or defecated, 
Similarly, these meters could be placed in the bladder, lungs, throat, etc. 

or could by operative procedure be placed in any part of the body of the test 
animal or of the cadaver used in the dosimetric studies, These techniques could 
be applied either with the phosphate glass dosimeters or the semiconductor 
dosimeters and, in some cases, would be extended by the use of a small scin- 
tillation counter. It should be noted that in these cases the scintillation 
crystal would be attached to a long, slender, light-piping probe and the semi- 
conductors would be attached to wires, so that the information on pulse height 
and frequency of pulses could be brought outside the body for pulse height 
analysis and estimates of absorbed dose delivered by each type of primary 
ionizing event. 

Although many of the calculations of absorbed dose in various parts of the 
body can be made with considerable accuracy, they are usually fraught with 4 
long series of assumptions so that it would be of great benefit to confirm 
some of these calculations by the above-mentioned methods of dosimetry. The 
absorbed dose to the testes and ovaries is of particular interest because of 


the importance of setting reliable MPC values with reference to the genetic 


54561 O—60-——22 
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exposure of large populations. Dr. W. S. Snyder* calculated the absorbed dose 
that would be delivered to the cortex of the ovary of a waman exposed to radio- 
nuclides contained in the drinking water. He assumed that in this case the 
absorbed dose would be comprised primarily of three parts: 1) That from the 
radionuclide deposited in the ovary; 2) that from the radiomuclide as it 
passes through the GI tract; and 3) ‘that from the radionuclide as it resides 
in the bladder during its normal expansions and contractions. Table 1 summarizes 
this data for some of the more common gamma-emitting fission products. A 
great deal has been written during the rast few years about the genetic hazards 
of fallout and radioactive waste disposal yet there is a serious scarcity of 
data on gonad dose from the various radionuclides. Thus it would be very 
helpful to confirm these theoretical results of Dr. Snyder by measurements 
with meters placed against the cortex of the ovary and to make similar measure- 
ments with meters placed against the cortex oi the testis. In some cases we 
might expect very close agreement between the measured and calculated values’ 
of absorbed dose and in others we might anticipate considerable disagreement; 


37 137 


for example, in the case of cs! + Ba we would expect an appreciable and 


additional contribution to the absorbed dose in the ovaries from the deposition 


of csi37 + Bal3? in the muscular tissue surrounding the ovaries. 


One of the very difficult and more important internal dosimetry problems 


is that of obtaining the proper maximum permissible concentration, MPC, for 


natural Rn-@2 This is particutarly important because it appears that the 


MPC values as determined and recommended in the publications of the NWcRP? 


3 
Snyder, W. S., "An Estimate of Dose to the Gonads fram Radioactive Elements 
Present in Food or Water", presented at the Ninth International Congress of 
Radiology, July 24-30, 1959, Munich, Germany, 

Maximum Permissible Body Burdens and Maximum Permissible Concentrations of 
Radionuclides in Air and in Water for Occupational Exposure, NCRP-NBS- 
Handbook 69, June 5, 1959. 
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TABLE I 





Dose (venfpeer) to the Ovary 


(assuming 1 uc/cm as concentration in drinking water) 


Pr jane Bladder 
ission Products to Ovary 





ep ppl 
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2] 


and the rcrP* are lower than the air concentrations of Rn aa that can be 


maintained at the present in most of the uranium mines in the United States 
and in fact they are lower than the levels of n°“? in many other U. S. 

mines, e.g., silver and iron mines. The present NCRP and ICRP value of 

10% pe of Rn “per cc of air is based primarily on Chamberlain and Dyson's? 
experimental model studies of the retention of Rn--= and its daughter products 
in the bronchus. Their experiments indicate that most of the absorbed dose 

to the critical portion of the bronchus, i.e., the tissue near the first and 
second bifurcations of the bronchus, is delivered by the first daughter of 


Rn°*, viz, RaA--°, an isotope of polonium with a 3.05 min half-life. Presumably 


a negligible fraction of the absorbed dose is delivered by rn@-* because it is 
@ noble gas and does not become attached to the critical bronchial tissue. The 


daughters rap-t* pl’ 


(Pb) and Rac (Bi) with half-lives of 26.8 min and 19.7 min 
respectively usually become attached to dust particles in the air before they 
can be breathed and these dust particles settle out as heavy dust, or if 
breathed, are held up in the upper respiratory tract and swallowed. The first 
and second bifurcations of the bronchus form the critical tissue because his- 
torically it is here that most pulmonary malignancies have occurred following 
exposure to mm, e.g., the pulmonary carcinomas that developed among the 
uranium miners in Schneeberg, Germany and Joachimsthal, Czechoslovakia occurred 


alrost entirely in the region of the first and second bifurcations of the bronchus. 





ICRP Publication 2: Report of Committee II on Permissible Dose from Internal 
Radiation (1959), Pergamon Press, London, April 1960. 


Chamberlain, A. C. and E. D. Dyson, "The Dose to the Trachea and Bronchi 
from Decay Products of Radon and Thoron"; Brit. Journal of Radiology 29: 
pp 317-325, (1956). 
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In this case we can hope that the NCRP and ICRP have set this MPC value 
too low and that the present mining operations in the U. S. are safe. However, 
as Chairman of the Internal Dose Committee of NCRP and ICRP, I can only say 
that there are many uncertainties in this MPC value but that it is probably 
the best MPC value that can be calculated with the data presently available. 
Some of the uncertainty could be removed by direct instrument measurements in 
the first and second bifurcations of the bronchus. Certainly in refining the 
present calculations we would like to have answers to such questions as: 

1) How much of the 6 Mev @ energy of RaA is delivered to the critical tissue 
and do the daughter products of RaA down through ReC (Po -*) remain in the 
critical tissue sothat the total energy delivered per @ disintegration of RaA 
is 6 Mev + 7.68 Mev or 13.6% Mev? 2) Under what conditions do RaB and RaC 
remain in the air as unattached ions so that they contribute to the absorbed 
dose? 3) How fast are the rn" daughter products removed from the critical 
tissue and how much dose is delivered by material sounds up from the bronchi- 
oles and the alveoli past the more critical tissue of the bronchus? 4) Should 
we set the RBE = 10 for the @ radiation in this case? 5) Is it proper in 
this case to take the critical tissue as a square cenhaaunate of tissue in the 
region of the first or second bifurcation of the bronchus and to a depth equal 
to the range of the a-radiation? 6) Should the limiting dose rate be set as 
15 rem/yr in this case? etc. 

In the calculation of internal dose a number of simplifying assumptions 
are made by NCRP?-and ICRP’ with reference to the uptake, distribution and 
elimination of the radioactive material. The critical tissue from the stand- 
point of setting the maximum permissible body burden, q, is that tissue receiv- 


ing the radionuclide that results in the greatest damage to the body. Almost 
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without exception the critical body organ is that organ with the greatest 
concentration of the radionuclide; thus the critical body organ may change 
with time following the beginning of exposure, e.g., initially it may be 

the GI tract, later it may be the lung and finally it may become the bore. 
Although the quantity, Q, of a radionuclide present in the critical body 
organ at any time, t, probably can best be expressed as a sum of exponentials 
such as 


ok % “Xt o4,t 
Q = Ae + Be + Ce + ceovceceses (1) 


the amount of available biological data usually is so limited or so inaccurate 
that only the first term in Eq. 1 need be used. In some cases the amount of 
radionuclide present in the critical body.organ can be expressed best as a 
power function, i.e., 


Q=at~ (2) 


In this case, however, the experimental data usually does not satisfy Eq. 2 
very well either at very small or very large values of t. 

Since the radionuclide in the body undergoes radioactive decay as well 
as biological elimination, it is customary to set the thetiee elimination 


coefficient ,= hy +} 50 that the effective half-life becomes, 





(3) 


in which T = effective half-life, T.. = radioactive half-life, T 


= biological 


half-life. 
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It follows then that 


a +’Q =P (4) 
in which P is the rate of uptake of the radionuclide. Salving this equation 
and substituting appropriate values of P, we have the equation commonly used 


for the maximum permissible concentration, 
MPC = — <hr (5) 
Tr(l-e ~° I3t *) 


in which C = 10°! for inhalation or C = 9.2 x 107 for ingestion of water or 
food when the MPC is for occupational exposure 40 hours per week and time t 
and effective half-life T are given in days; f is the fraction taken into the 
body that arrives in the critical body organ and Q is the pe in the critical 
body organ. When one or more of the daughter nuclides are radioactive, 
appropriate extension is made of Eq. 4 to include the daughter contribution 
to the MPC. Likewise appropriate modifications of Eq. 5 are made when the GI 
tract is the critical body organ (see ICRP’ Publication-2 for details of the 
calculations). 

The critical body organ burden, Q, or the total body burden, q, is given 


by one of two equations. 


5 
4 QO ~ mR’ 
q= “ = eT BC (6) 
2 2 
11 
or q= a = ? (7) 
2 2 e 
in which q = pe in the total body, tf, is the fraction of the radionuclide in 
the critical body organ of mass m grems, R' is the dose rate in rem/yr and & 
is the effective energy deposited in the critical body organ per disintegra- 
tion. Eq. 6 which relates the total body burden to a dose rate, R, is 


applied in all calculations of the maximum permissible body burden except 
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for particulate (i.e., a, a", 8°, e) emitting radionuclides when bone is the 
critical body organ, in which case Eq. 7 is applied. This latter equation 
relates the maximum permissible body burden to a permissible bone burden 


of 0.1 pe of renee, The constant in this equation is 0.1 x 0.99 x 110 = 1l 


in which 110 is the weighted energy from rae@6 and its daughter products as 


was obtained from the equation 


& = D8(RBE)n (8) 


Song226 = 11 x 10 x1 = 110, 
In this case RBE, = 10 and the relative hazard factor, n=1. In the general 
case, the energy term in Eqs. 6 and 7 is found from Eq. 8 in which (RBE), = 10, 


(RBE) = 1, (RBE).+ .- .- = 1 for E >0.03 Mev and 1.7 for E < 0.03 Mev 
X,7 B ,B ,e a 


and (RBE) for atom recoils = 20. The relative hazard factor n is equal 


to 1 for soft tissue (i.e., for all values of€in Eq. 6) and it is equal to 
5 for bone (i.e., for all values of F in Eq. 7) except in ane where Ra is 
the parent radionuclide taken into the body or where only X or 7 radiation is 
emitted; in these cases, n= 1. There are experiments: which have indicated 
that for various types of chronic damage from ionizing radiation perhaps an 
RBE of 10 for @ radiation is a satisfactory value; however, many experiments 
indicate that the RBE for a radiation for acute types of damage should be set 
equal to about 2. Although not specified by NCRP or ICRP, it seems reasonable, 
therefore, that when Eqs. 6 and 7 are applied to acute exposure from short- 
lived radionuclides, the value of (RBE) q Could be reduced considerably below 
10, perhaps to a value of 2. The value of E, the energy absorbed in the 


critical organ per disintegration as given in Eq. 8, is obtained from the 
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— 1/2 
E= 0.338, f (1- —Zy—) (l+—p—) for p° (9) 


1/2 
E 
E = 0,338,f(1 + ——j-——) + 2f (.51) (1-e™) tor pt (10) 




















E=Ef(1 - e~°*) tor x or 7 (11) 





E-Ef for @ 





(12) 





Oe a 
E=f [ «, + ( ——- ) + ) (—————————) (1 - e™) 
1 + a. 1+ a, 
qe eo 
+ B {n8—eie—ier) ] for internal conversion (13) 
1+ & 
E=fy (l- on™) for K and L capture (14) 


In these equations 
Z = atomic number 
f = fraction of disintegration of type considered 
E, = maximum energy (Mev ) 

x = effective radius of organ (cm) 


@ = difference absorption coefficient (total minus Compton 
scattering) 


a= internal conversion coefficient for k shell 


» = binding energy of daughter element 


Ee? energy (Mev) 
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For values of maximum permissible occupational exposure as applicable for 
the usual case of chronic exposure, time, t, in Eq. 5 is set equal to 50 years end 
dose rate R' in Eq. 6 is assigned values as summarized in the third column of 
Table 2 of paper "Protection From Ionizing Radiation," submitted by K. Z. Morgan 
in these hearings.” The maximum permissible occupational exposure in the case 
of single exposure is given by the Munich Report of IcrP! as the intake of an 
amount of a radionuclide equal to that which would result from an intake for 13 
weeks at the maximum permissible concentration for occupational exposure. It 
is stated in this report that under these conditions of single intake the result- 
ing RBE dose during the following 50 years will not exceed the quarterly limits 
in the second columi” of the above referred to Table 2; actually it can be 
shown that this RBE dose will not exceed one-fourth the annual values listed 
in column 3 of this table. Likewise the Munich Report of rcrP! defines the 
maximum permissible internal exposure from a planned emergency as the intake 
of an amount of a radionuclide equal to that which would result from an intake 
for @ year at the maximum permissible concentration for occupational exposure. 
Under these conditions of exposure, the resulting RBE dose duringthe following 50 
years will not exceed the annual limits listed in the third column® of the above 
referred to Table 2. 

There are many methods by which one may calculate the absorbed dose from 
internally deposited radionuclides and determine whether or not the maximum 
permissible limits of RBE dose have been exceeded. Usually rather unsophis- 


ticated methods of calculation are applied because more refined methods are 


——— 
Morgan, K. Z., "Protection From Ionizing Radiation," Congressional Hearings on 
Radiation Protection Criteria and Standards; Their Basis and Use. 


TrcRP Publication, "Report on Decisions at the 1959 Meeting of the International 
Commission on Radiological Protection", Amer. J. of Roent., Vol. 43, No. 2, 


pp. 372-375, (February 1960); also Health Ph; ics, » Vol. 2, No. 3, pp 317-320 
(February 1960). 
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not justified in view of the inaccuracies of the available biological data. 


Eq. 6 is most commonly used to calculate the average dose in a mass of tissue mn. 


In this case, it ts written in the form 


300 qf, 
Se 2& rem/wk (15) 


in which q f,, the organ burden in uc, is frequently set equal to If. In this 


R= 


case I, is the pc taken into the body and f is the fraction arriving in the 
organ of mass m. Likewise the dose in time t days is given by the equation 


-0, 
™ £1, TE(1 - e 693t/T) 


D« = rem (16) 





in which T is the effective half-life in days given by Eq. 3. In the simple 


case the dose to the GI tract is given by the equation 


37 FIT (270-693 ho/Tr e993 hy/Tr) 
Rn ims ren (17) 


nt 
in vhich T, is the radioactive half-life in days, h, is the time of entry of 
the radionuclide in the section of the GI tract of mass m' and hy is the time 
of departure from this section. 

Sometimes it is desirable to obtain the RBE dose rate at a given point in 
the body in terms of the flux at that point. In the case of @ org radiation 


the RBE dose is given by the equation 


-9 
R= Se ren/vk (18) 


in which @ is the flux of @ org radiation (a or sper ca” per sec), S is 
the specific ionization (ion pairs/cm), W is the average energy to produce an 
ion pair (ev/ip) and » is the density of the tissue (g/cc). Values of S and 


W are not readily available for tissue so it -is common practice to obtain them 
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for air and est‘mate the values for tissue. The product S W/pis the stopping 
power P (ev. on. g*) of tissue and is obtained by the application of the 
Bragg-Gray principle. 

P = 2. (19) 
Pig. 1 is a plot of stopping power of tissue as a function of energy. This 
data is taken from publications of Snyder and Neufeld,” Bothe,” and Sternheimer’°, 

In the case of X or yradiation Eq. 18 becomes 
9.7 x 1079 $B(u -¢,) 
Bo orem vr (20) 


p 
in which $ is the flux of X or y radiation (photons per on’ per sec), E is 


the energy (Mev) of the emitted photons, pis the density of tissue and 
(u - s.) is the total attenuation coefficient minus the Compton scattering 
coefficient. A correction term should be applied to account for the dose 
contributed at the point of measurement by the scattered radiation. 

One of the more difficult problems of internal dosimetry is that of 
obtaining and evaluating the RBE dose in a contaminated wound and in the 
vicinity of a radioactive particle. The problem of a contaminated wound 


was treated in some detail by K. Z. Morgan, W. S. Snyder and M. R. Fora! 


———— 
Snyder, W. S. and J. Neufeld, "On the Passage of Heavy Particles Through Tissue", 


Radiation Research, Vol. 6, No. 1, pp. 67-74, (January, 1957). 


Fpothe, W., Handbuch der Physik, Vol. 22.2, 56; Published by Edvard Brothers, 
Ann Arbor, Michigan (1943). 


10: +ernheiner, R. M., (quoted by L. D, Marinelli in Annual Review of Nuclear 
Science, Vol. 3, p. 259). 


Livorgan, K. Z., W. S. Snyder and M. R. Ford, "Maximum Permissible Concentrations of 
Radioisotopes in Air and Water for Short Period Exposure," Proceedings of the 
International Concerence on the Peaceful Uses of Atomic Energy, United Nations 
Publication, Vol. 13, p 139 (1956). 
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for air and est‘mate the values for tissue. The product S W/pis the stopping 
power P (ev. on’. g) of tissue and is obtained by the application of the 


Bragg-Gray principle. 
s 


= = --- 1 


Fig. 1 is a plot of stopping power of tissue as a function of energy. This 
data is taken from publications of Snyder and Neufeld ~ Bothe,” and Sternheimer’°, 
In the case of X or yradiation Eq. 13 becomes 
9.7 x 1079 gE(u -o,) 
8 
BO 
e 


rem/wk (20) 


in which } is the flux of X or yradiation (photons. per om’ per sec), E is 
the energy (Mev) of the emitted photons, pis the density of tissue and 
(u - g.) is the total attenuation coefficient minus the Compton scattering 
coefficient. A correction term should be applied to account for the dose 
contributed at the point of measurement by the scattered radiation. 

One of the more difficult problems of internal dosimetry is that of 
obtaining and evaluating the RBE dose in ea contaminated wound and in the 
vicinity of a radioactive particle. The problem of a contaminated wound 


was treated in some detail by K. Z. Morgan, W. S. Snyder and M. R. Fora! 
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who found that the relative hazard from a contaminated wound by insoluble 
radioisotopes can be much greater in many operations than the general hazards 
of inhalation and ingestion, The problems associated with a radioactive 
particle in the lungs or lymph nodes are very similar to those associated with 
contaminated wounds. If the attenuation of the particle itself is negligible, 
the dose rate at a distance r (cm) from a particle in tissue is given by the 
equation 

n = 222:%,10"? BSw(RBE) et* oun (21) 

or” 

in which B is the uc per particle and My is the attenuation coefficient of the 
radiation in tissue. The average RBE dose rate in a sphere of radius r about 
the particle in tissue is given by the equation 

n = 8:0. 10°? BSW(RBE) (1 - et) (22) 

pr? By 

In Eqs. 18, 21, and 22 the terms SW/p may be found from Eq. 19 or from Fig. l. 
If the radioactive particle emits @ or gradiation, Eq. 22 can be applied only 
when r < the rarge in tissue where the attenuation approximates en exponential 


function. When r > the range in tissue, the average RBE dose rate is given 


by the equation 


rn & 7 rem/wk (23) 


From the foregoing it can be seen that there are many parameters needed for 
the calculation of the RBE dose. Some of these are §, W, p, RBE, N, E, By» 
mM,» - o,f,» f, T,, T.. h,, hy, and various combinations of these. Many of 
the parameters are poorly known and one of the paramount objectives of our 


Health Physics research program is to obtain better values. 
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We have discussed briefly the use of instruments and the application of 
some of the more general and simplified mathematical procedures that are applied 
in determining the RBE dose delivered by radionuclides that are contained inside 
the body. The two remaining methods of integnal dosimetry that are presently 
employed are: 1) Body excretion analysis, and 2) body tissue analysis. 

Body excretion analysis at the present time is limited primarily to breath 
analysis andwine and fecal analyses. In some cases sputum and nose-swab 
analyses are applied following accidents with radioactive materials but due to 
difficulties of quantitative interpretations of data obtained from these analyses, 
they are seldom applied on a routine basis. There are other body fluid analyses 
that could be applied and that probably deserve exploration. For example, it is 
known that sperm cells and their precusors are very radiosensitive. Lebedinsky 
et al. nave shown that low doses of the order of 3 rad/wk to the testes of 


dogs produce a measurable reduction in sperm mobility and a consequent reduction 


in fertility. Studies of sperm counts and sperm mobility from specimens of 


seminal fluid might provide useful data when it is suspected that e man has 
received a large gonad dose. 


Perhaps breath counting has been applied most usefully to radon breath 


analyses. In thie case otie can estimate the amount of Ra-~° from the In“, 


and/or the Ra-“° ana th” from the Rn-“° that is chemically and physically 


separated from breath samples. This information can be used to estimate the 


2: evedinsky, A. V., U. G. Grigoryev, and G. G. Demirchorglain, “The Biological 
Effect of Small Doses of Ionizing Radiation," pp. 300-320 in in Nuclear 

Series VI, Biological Sciences, Vol. 2, Edited by J. G. > 
and J. F. Loutit, Pergamon Press, London (19595. ‘ 
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body burden of radium, and, when in addition information is furnished by the 
whole body counter, estimates can be made of the distribution of the radium 
inside the body, e.g., the amount in the lungs, bone, etc. The breath analysis 
technique has been used also to estimate the absorbed ct and HS by measurements 
of the ct 0, and HO, respectively that are exhaled from the body and perhaps 
this technique can be applied successfully to a few other radionuclides. 

Without doubt urine and fecal analyses are the most important body 
excretion analyses in common use in the large atomic energy establishments. 
Fecal analyses furnish only qualitative information but this data can be very 
useful following a spill of radicactive material to determine which individuals 
received the greatest internal exposure and thereforerequire further measure- 
ments. Although radioanalysis of feces furnishes only limited information, 
like all other data collected it helps to fit togetner the pieces of the 
puzzle of the dose distribution in the body. A large amount of radioactive 
material in the feces may be the first information we have that a person 
smoked a cigarette while working with radioactive material or that he “forgot” 
to wash his hands or change protective clothing before eating. It often indi- 
cates that a face mask was not worn properly. Sometimes it provides the first 
clue that the airborne particles are relatively insoluble or that they are 
large particles that are held up in the upper respiratory tract or are brought 
up by the cilia and swallowed, The total fecal excretion of a radioisotope 
for a few days (not less than 31 hours) following an intake of Type is given 
approximately by the equation 


-0.693t/T, 


U = fle 
° 


(24) 


re! 


th 


Ho 
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in which U =-pec of radioisotope measured in the feces at time, t, following the 
intake of Isc. In the case of the standard man f = (1 - t,) for ingestion, 
f = 0,62( 1 - f,) for inhalation in which f, is the frection passing from the GI 
tract into the blood. The value of I. as obtained from Eq. 24 can be placed in 
Eq. 17 to obtain the dose to various sections of the GI tract. In some cases, 
e.g., Pol°, the radioactive materials are excreted from the organs of the body 
via the feces as well as via the urine. This complicates the interpretation of 
the data and points up the need for human data from many of the radionuclides. 
Perhaps urine analyses combined with total body counting provides the most 
reliable method of estimating the RBE dose to various body organs from internal 
exposure to radionuclides. In this case as with fecal analysis it is usually 
necessary to remove the person from further exposure to radionuclides during 
the period of analysis if quantitative estimates of RBE dose are to be made. 
However, for routine analyses of large numbers of urine samples it is not 
necessary to remove a person from potential exposure until and unless the 
radionuclide shows up in the urine. In any case great care must be taken in 
the method of collection and processing of the sample to avoid, contamination. 
For example, in our Oak Ridge National Laboratory urine analyses program for 
pu°3? the overall sensitivity of our method is 0.2+ 0.2 disintegrations 
per minute per 24 hour sample of urine. This would correspond to about 
9x 10~ uc or about 1,4 wye of Pun’, It 4s easy to see how this much 
contamination could reach the sample during its collection and preparation for 
counting. If a person has built up a maximm permissible body burden, Q, of 


& radioisotope, the total amount eliminated by the urine in time, t, - t,, is 


54561 O—60——23 
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given by the equation 


qf, TF 
en 


970 693ti/T_ 2? entalt| 


in which U = total uc voided in time te - ty via the urine, and 


fF: fraction voided via urine of total eliminated 
fraction eliminated from critical organ of total eliminated 

It is assumed that the person is removed fram further intake of the radio- 
active material at time t = O and that all excretions are collected for the 
time interval t, ~ t,- Frequently F is unknown and, as a result, F ft is set 
equal to 1 letting T and ty apply to the effective and biological half-lives, 
respectively, of the entire body, rather than to the critical body organ, and 
U apply to total excretion, i.e., by the urine and feces. 

Although Eq. 25 is useful in finding the organ burden, q tf,» for 
many of the radionuclides, it has been found that in a number of specific 
cases (and in particular in the case of Pu-2?, rae? sr”, and ue?) that 
better results can be obtained by replacing the biological exponential elimi- 
nation function by a power function or some other function of elimination. 
Perhaps no simple or single mathematical theory can ever be applied in all 
cases of biological elimination but as more human exposure data become 
available, detailed metabolic patterns must be worked out eventually not only 
for each of the radioelements but also for the more important chemical and 
physical forms of each element. 

Fortunately, in the nuclear energy industry there have been very few 


accidents in which large amounts of radioactive material have been taken into 
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the body and so, of necessity, most of the data on body burdens and MPC values 
that are given in the NCRP° and ICRP’ Handbooks are based on animal data and 
estimates with reference to the standard man. Several writers have emphasized 
the wide variation in metabolism of the radioelements among the various animal 
species; for example, Langham and Anderson’? have shown that the biological 
half-life, T, of Cs >is 1.5 days, 6days, 19 days, 25 days, and 110 days in 
the mouse, rat, monkey, dog, and man, respectively. It is very important, 
therefore, to emphasize again and again the urgency of collecting and making 

a careful study of all cases of accidents with the radionuclides and of obtain- 
ing for study as much autopsy material as possible. A few studies on humans, 
using tracer levels of the radionuclides, have been made and a limited number 
of these studies were conducted on terminal cases. Thus, at the present time 
very limited and incomplete human metabolic data are available for use with 
about 20% of the 240 radionuclides for which values of q and MPC are given in 
the latest NCRP? and ICRP* handbooks. ‘In most cases where human exposure 

data have become available for study the q and MPC values in the handbooks 


have been confirmed but many more such studies must be conducted as soon as 
possible. 


L 
SLangham, W. H. and E. C. Anderson, "ggh3T Biospheric Contamination from 
Nuclear Weapons Tests", HEALTH PHYSICS, Vol. 2, No. 1, 30 (July 1959). 
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RANGE OF UNCERTAINTY OF MPC VALUES 


by 
Walter S. Snyder 


Health Physics Division 
Oak Ridge National Laboratory* 
Oak Ridge, Tennessee 

Maximum permissible concentrations (MPC) of radionuclides in air or 
water as recommended by the National Committee on Radiation Protection and 
Measurements (NCRP) and by the International Commission om. Radiological 
Protection (ICRP) are listed in the publications of these organizations 
mostly for the case of chronic exposure at a constant level and are primarily 
applicable for occupational exposure. Exposure at the MPC for 50 years of 
adult life is expected to result in a body burden, or organ burden, of the 
radionuclide which will produce a specified dose rate to the tissueof the 
organ. This limit on the dose rate is the primary standard for radiation 
protection in all cases except for exposure to ra226, The MPC values often 
are used for other conditions of exposure (short-term exposure, population 
exposure, etc.), and with appropriate modifications this is possible. The 
determination of the appropriate modifications essentially amounts to ob- 
taining the data necessary for direct calculation so that such modifications 
should be regarded as a convenient means of presenting or publishing the 
selected values and not as a procedure for obtaining MPC on the basis of 
new principles. Because occupational MPC have been used and studied over 


@ longer period of time than in the case of MPC for exposure of other 


~ 
Operated by Union Carbide Corporation for the U. S. Atomic Energy 
Commission. 
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population groups, this discussion of uncertainties will be limited largely 
to occupational MPC. In principle, ft would seem possible to study and 
determine the relevant factors entering into MPC estimation for other 
specified groups; and this is receiving much attention now, but long-term 
use of such MPC is largely lacking. 
It is clear that an MPC for a specified type of exposure, e.g., chronic 


exposure at a constant level, involves two essentially different considera- 





tions: (1) There is a basic criterion which is to be selected, and (2) When 
this basic criterion is specified the metabolic factors which link the 


presence of the radionuclide in the environment with the criterion must 





be applied. 





Ideally, this basic standard should be the biological effects 


of the exposure. However, at the dose levels in question the dose-response 










relation generally is not known with sufficient precision to permit an 
estimate of the effects with a useful probable error for the estimate. 
Thus the NCRP and ICRP have expressed the basic criterion in terms of 
limits on dose (energy absorbed per gram of tissue) except in the case 
when bone is the organ of interest, in which case the criterion is expressed 


in terms of a comparison with Ra@@© as discussed below. The uncertainty 












inherent in the selection of the basic criterion and the uncertainties 
involved in arriving at an MPC based on this criterion will be considered 
separately. 
Beginning about 1924, cases of bone tumor associated with a body burden 
of radium began to be suspected, but it was only some five to eight. years 
later that the evidence was considered conclusive by most doctors and more 
stringent protective practices were largely adopted in industry and medicine. 


Prior to 1930 many persons, perhaps thousands, accumulated body burdens of 
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Race6 that we now consider to be significant. Some hundreds of cases with 
body burdens of 0.5 pc and higher have been studied. Bone changes charac- 
teristic of radium deposition are detectable in about 10 per cent of the 
bone samples in cases where the body burden was in the range 0.5-1 yg of 
Ra226, Above 1 ug the majority of the specimens seem to show such ctianges “4 


The smallest body burden reported to have produced bone cancer is at the 


level of 0.5 sia, >) and since this was a radium dial painter, it is possible, 


perhaps likely, that mesothorium also contributed to the dose. The NCRP 
recommended the value of 0.1 yg of Ra226 as @ permissible body burden of 
Ra226 for occupational exposure in 1941. The same value was recommended 
by the ICRP soon after, and this recommendation has been continued by both 
organizations to the present. 

: It is difficult to assess the reliability of the value of 0.1 yg as 
the permissible body burden of Ra226 on an objective basis. As is usual 
in the area of internal dose estimation, the available data do not apply 
directly to the conditions of exposure that are under consideration. If 
we may digress momentarily to consider a maximum permissible intake for a 
single exposure or for short-term exposure during a few months or years, 
we need only to obtain the amount initially taken into the body rather than 
the body burden some 15-20 years later, and data from the radium dial 
painters and medical exposure cases would be more significant and would 
need only to be corrected for the possible presence of mesothorium. For 
such short-term exposure, an intake which would produce a long-term body 
burden in the range 0.5-10 ug or more would seem to be inadmissible since 
nearly 15 per cent of one group of humans studied in this range (mean of 


3.4 ug) had bone sarcomas. Initially, when the body burden of 0.1 yg was 





RADIATION PROTECTION CRITERIA AND STANDARDS 341 


selected, it was considered that this would provide a factor of safety of 
at least 10. Exactly what incidencé rate is considered tolerable depends 
on many factors (the balancing of benefits and risks), but in the case of 
such @ severe effect as bone sarcoma, an incidence rate of 15 per cent, or 
even 5 per cent, would seem to be inadmissibly high for general occupational 
use. Based on stufies of the Elgin cases,'2) « poay burden of 0.5 ug 20 
years after exposure might indicate an initial bone burden of about 2 yg, 
and the corresponding incidence rate might be of the order of 1 per cent 
since such a case did occur in ea few hundred cases that are known. However, 
this neglects the influence of mesothorium. The medical cases would be less 
open to this objection and would indicate an initial burden of some 3 yg 


corresponding to 0.8 wg found 15-20 years later. What incidence rate of. 


sarcoma a value 1/20 or 1/30 of these body burdens would produce, the 


available evidence does not indicate, Thuc a value of 0.1 ug of Ra@@© as 

permissible body burden for a short-term exposure is 1/5 to 1/30 of 

levels that have been thought to produce cancer, and the incidence rate 
is probably below 1 per cent, but it is not really well established. 

Returning to the case of chronic exposure, there are several consid- 
erations that indicate the value of 0.1 wg may cause an incidence rate 
somewhat less than in the case of the radium dial painters. 

(1) For chronic exposure, this value of 0.1 wg would be reached only 
at the end of the exposure period, i.e., after 50 years of 
exposure, whereas in the case of the single intake the body 
burden of 0.1 yg could be the initial value. The total dose 
to the bone during an extended period, say 50 years, is much 
less in the case of chronic exposure than for the short-term 
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exposure of the radium dial painters and medical cases where 

the body burden starts out at 0.1 peg. 

The radium dial painters probably ingested considerable amounts 
of mesothorium (Ra°°) along with the Ra°@©. since Ra@® nas a 
half-life of only 6.7 years, this was not observable at the time 
these people were studied, some 20 years after intake. This 
additional source of radiation exposure probably contributed 
substantially to the total dose and in particular increased 


the dose markedly during the early period of the exposure. On 
4) 


the basis of one stuay, ' 


the dose from mesothorium may have 
been as much as 3 to 4 times the dose from Ra°“©, It has been 
noticed that luminous dial workers had major skeletal changes 

at lower terminal levels of body burden of pae26 than in the 
case of patients given radium medically. ‘> 

The short-term deposition of large amounts of Ra226 produces 
areas of high concentration in bone, and the dose is correspond- 
ingly higher in these areas since the range of an alpha particle 
is quite short. Continuous exposure at a lower level of intake 
would probably produce a far more homogeneous distribution and 
bring the maximum dose levels closer to the average dose level 


in bone. 


All of the above considerations would seem to favor the view that the 
value of 0.1 yg as body burden of Ra226 is a conservative value, especially 
for chronic exposure. However, we mist recognize that we do not know what 
features of the dose distribution are directly linked to the malignancy. 


It is possible that the high dose in the early period due to the presence 
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of mesothorium, or that the areas of high dose (the "hot spots"), are not 
directly associated with. the tumor.” One can speculate that a high dose 
may kill cells and that a somewhat lower dose may be more effective in 
producing malignancies, Similarly, it is not known whether the long-term 
irradiation of bone is more effective than a short-term high dose rate 
which gives the same total dose. There is some evidence to suggest that 
a more nearly uniform dose distribution in time might be more effective. 

The value of 0.1 ug of Ra@@ as permissible body burden has been in 
use for almost 20 years without entailing a risk which is considered un- 
acceptable, and the use of radium has certainly increased many fold during 
this period. However, it is possible that further experience and standards 
of acceptance might enforce a lowering of this value. On the basis of 
present knowledge, (1) the value seems below the level where deleterious 
effects are readily detectable, (2) but not so low that no evidence of any 
effect is seen, and (3) the recommendation does not largely impede the 
usefulness of the agent in question. These three criteria seem most 
desirable for any general standard for protection, though it may be 
necessary to give up one or more of these criteria in some cases. 

The ICRP and the NCRP have recommended that dose limits for other 
bone-seekers should be based on a comparison with na?2°, There. are several 
bases for such @ comparison and all involve some difficulties. However, 
the effort is warranted since the experience with radium is almost the only 
source of data on long-term exposure of bone to radiation, and further, 


these are data on human exposure which are of much greater value than data 


from animal experiments. The dose from Ra226 is preponderantly from alpha 


radiation. For other radionuclides that are primarily alpha emitters, the 
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comparison is fairly straightforward and amounts to requiying that the dose 
level due to 0.1 ug of Ra226 in bone be not exceeded in the case of other 
alpha emitters. However, it was noticed early in the history of atomic 
energy that the heavy metals tended to deposit in bone in a distribution 
which was even less homogeneous than the distribution of radium. For this 
reason a “nonhomogeneity” factor of 5 was adopted for Pu and then extended 
to include all heavy metals. Thus it suffices to require that the average 
dose to bone from such alpha emitters as Pu~39 be 1/5 the average dose to 
bone from 0.1 yg of Ra2@6, 

The estimation of the dose to bone from Ra226 is among the more com- 
plicated examples of a dose calculation when the organ burden is known. 
The reason is that Rn222 is produced by the radioactive decay of a Ra226 
atom, and being a noble gas, the Rn““* tends to escape from the bone and 
from the body. Since the decay of Rn@@° and its daughter elements con- 


tributes preponderantly to the total energy absorbed by bone, the fraction 


of Rn@22 escaping from the bone matrix prior to radioactive decay will 


influence markedly the dose estimate in bone. Early work indicated that 
some 45 per-eunt ofthe ‘Ra®@2: prodaced*ih-boneveseaped: bafors deeag°)s-tus 
1ater work'3?7) nes indicated that 70 per cent of the Rn? escapes without 
contributing to the dose. The estimate of dose to bone from a bone burden 
of 0.1 we of Ra@@© i outlined below. The decay schemes and the energy 
absorbed in bone per disintegration of an atom of Ra2@© and of Sr% are 
given in Tables I and II. It is assumed that the isotope is deposited 


in bone by chronic exposure over a 50-year exposure period. 
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TABLE I 


ma6_G2_ pny py pelt 
1622 yr 3.83 da 3.05 min 26.8 min 
7 
rac* 19.7 min 
B57 
Rac? a Rap~° 
164 us 19.4 yr 
B-,7 
Rag2l0 
5 da 
a 


Po o S pp206 stable 
138.4 da 





Effective Energy (MeV x RBE) Absor 
in Bone per Disintegration of Ra 


ype of Deca 
Radionuclide [7] | | Atomte Reco! 


ma | oom | | ar | 
Sills: adeanaiitsdhctdieinatalenthallhiniibiabidalll 
mate | | | ag gp 0 
ase | o.ors | 0.060 
mac | 0.090 | 020 | 
mo | | 23.06 | 0.88 
nas2 | o.o10 | 0.0007 | 
sal sansheencaa hath ainsi 

il ciathinans ethene: lneatiilinilaealitie 
Totals fo.1a | 0.31 | 105.52 88 


Total Effective Ene = 109.82 or ~ 110 
Allowing for escape of Rn22? and degree of equilibrium 
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TABLE II 


ne aby if To meg Bgl erent 


28 yr 64.2 hr 


Effective Energy (MeV x RBE) Absorbed 
Radionuclide r Disintegration of sr90 


When the radionuclide under consideration emits beta rays or gamma 


rays, the question is much more complex. The relative biological effec- 


tiveness (RBE) of different kinds of radiation has been extensively explored 


without finding any simple or unequivocal relationship. The RBE is generally 
defined with reference to 250 kv X-rays as the ratio of the dose from 250 kv 
X-rays to the dose of the given radiation when both doses produce the same 
effects. When so defined it is found that the RBE depends on many other 
factors such as the species and strain of animal used, end point selected 
to determine the effect, dose rate, environment, etc. In general it is 
found that heavy particle radiation (protons, alpha particles, neutrons) 
have an RBE greater than 1 and values in the range 10-20 have been found. 
With improvements in dosimetry, there has been a gradual lowering of RBE 
values for heavy particle radiation based on acute exposure. However, 

such delayed or long-term effects as cataract and shortening of life have 
indicated RBE of neutrons of the order of 10 and more. Unfortunately there 
is no known means of producing the same dose distribution of X-radiation 
and alpha rays in a single organ such as bone, and thus the direct deter- 


mination of the RBE on the basis of bone cancer cannot be made. In the 
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absence of a direct determination, the ICRP and the NCRP have recommended 
that RBE be based on ion density along the track of the particle, and for 
alpha particles of the energies normally involved, the recommendations give 
a value of about 10. Actually the correlation with ion density is based 

on experimental results for particles giving a high ionic density and thus 
is only a convenient summary of their judgment of the biological potency 

of such radiation. 

If an RBE factor is accepted, say for alpha radiation and also for 
beta rays, than it is possible to calculate what amount of a given beta 
emitter, say sr”, will give the same average dose to bone as 0.1 wg of 
ra226, Even then the distribution of dose will probably differ in the two 
cases, since the beta radiation from a given site of deposition will be 
spread over a greater volume than in the case of alpha radiation. 

There is an alternative way of making the comparison and that is by 
directly determining the effects of the two radionuclides when present in 
the skeleton of some animal. This method has been tried in the case of 
several bone-seekers, in particular for sr°? and 0226, (8,9) This method 
is attractive if the relevant experimental results are available. Un- 
fortunately such experimental results generally are not directly applicable 
and require extrapolations for a lower dose level, for a longer period of 
exposure, and for the difference in species. Most of the data available are 
concerned with a high dose level administered to mice or rats, giving a 
rather high incidence of bone tumors in a period of 1-2 years. Longer 
~term studies are now under way using dogs, and when these have reached 
their term, it will be possible to reappraise the relative potency of 


bone-seekers. If it is assumed the relative potency will be the same for 
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the long-term, low-level effects in man, and if corrections are made for 
the metabolic differences of Sr and Ra in mouse and man (for example, the 
fraction of Rn@°° escaping from the bone of the mouse is considerably higher 
than in the case of the human), then it appears that Sr?° is about 5 times 
as carcinogenic as pa?26 , This factor of 5 might be termed a relative 
damage factor, and its precise interpretation for the production of bone 
cancer is not known. It is possible that at the rather high dose levels 
of these experiments the RBE of the radium alpha particles should be taken 
as less than 10, and the relative damage factor, often termed the n factor, 
is correcting for this high RBE. It may represent an increased efficiency 
of the radiation from strontium which is distributed mich more homogeneously 
throughout the bone than in the case of radium. 

If the relative damage factor, or n factor, of 5 is considered as 
applicable and is included in the calculation of effective energy, then 
the two methods give essentially the same resulting body burden as they 
should. The inclusion of this factor amounts to saying that the rem dose, 
i.e., dose x RBE, is held to 20 per cent of the average dose delivered to 


bone from 0.1 yg of Ra22°. ‘Thus the body burden q of Sr9° which would be 


expected to be equipotent with 0.1 ug of Ra-@© is determined by (afo)ar = 


(afp)ra X <opoy where qf, is the organ burden and 110 and 1.1 are the 
effective energies of Ra2@© and sr respectively. Since the skeleton 
contains nearly all the Sr9 and Ra@@© deposited in the body by chronic 
exposure, the values of f, are near 1. Specifically, f, is taken as 0.99 
for Ra°26 and as 0.95 for 8r%. On this basis, q = 2.1 uc for sr%. 
There is a strictly dosimetric approach which has been suggested by 


some (20) which would restrict the bone to the same dose level as recommended 
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for most other tissues, i.e., 0.3 rem/week. This would give a value of 


5.7 ue as permissible body burden if the 0.3 rem/week is interpreted as 


an average dose to bone. 








The local dose is not very precisely known. 
Perhaps the best evidence is that given in Reference 10. Figure 1 gives 
the distribution of dose in bone from Sr?° and Ra226 as estimated by 
Hindmarsh, et a1.'2°) Aas expected, the dose distribution from sr 1s 


estimated to be much more homogeneous than the dose from pae26, the maximum 








found being above the mean by a factor of 3.1. This would give 5.7/3.1 = 
















1.8 yc as the permissible body burden of Sr?° which would give a maximum 
dose of 0.3 rem/week in the skeleton, and this value is essentially in 

agreement with that obtained by comparison with Ra@@°. 
The method of basing the value on a recommended dose rate is only as 
valid as the dose rate selected. ‘The use of 0.3 rem/week as a permissible 


limit for dose to various body tissues dates from 1949 and has not been 





based on a specific study of bone cancer. Rather, it reflects a general 
judgment concerning a level that might be considered as appropriate in the 
absence of more specific and detailed data concerning the kinds of effects 
and rates of incidence to be expected. Wevertheless, the 0.1 ye of paeeé 


corresponds to an average bone dose of 0.56 rem/week, and the agreement 





of the above estimates is prohably not entirely fortuitous. The estimates 
of dose to bone from 0.1 yg of Ra2@© and the distribution of such dose in 
bone probably was one basis among many for the selection of the value of 
0.3 rem/week. 


tion are probably more accurate than earlier estimates, the differences 








While our present estimates of this dose and dose distribu- 


probably would not produce a major change in the type of judgments involved 


in selecting a dose limit for general application. The dose distributions 
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from Sr9° indicated in Figures 2 and 3 are based on a single sample of bone 
from a human whose period of exposure to pace was of the order of a year. 
The dose estimates given in Figures 2 and 3 are based on the assumption that 
sr9° and Re@@%" will have the same distribution in bone. It is possible that 
the dose distribution for chronic exposure might be more homogeneous than is 
indicated by these estimates. 

The ICRP and the NCRP have indicated that Ra@@© be used as a standard 
for bone-seekers, thus expressing some preference for a close link with 
the date on chronic exposure to Ra@© in man. After the review of the 
available data, the Committees on Internal Dose of these two groups voted 
that the comparison with radium be made on the basis of average dose to the 
skeleton but that the n factor of 5 be applied to ell particulate radiation 
(B, @, atomic recoils) except when the parent’ isotope was radium in which 
case n is taken as 1. It was agreed that no specific interpretation be 
given for the n factor which might in some cases be more directly related 
to inhomogeneity and in other cases to a direct experimental demonstration 
of relative damage. It was agreed to designate it as the relative damage 


factor. Qn this basis the permissible organ burden in bone is given by 


110 
(af5), one = O.1x ¥ whew (1) 


where & is the effective energy of the isotope considered, i.e., energy 
absorbed in bone per disintegration of the parent and with the energy 
contributions from all particulate energy weighted by 5. 


The range of uncertainty of the bone burden values based on a com- 


parison with Ra226 is probably large. That is to say, it is not demonstrated 


on the basis of the procedures used that the estimated amounts are equivalent 
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to 0.1 pg of pa@26 in bone. The range of uncertainty referred to here is 


only that involved in making the comparison. Whether the standard itself, 
i.e., 0.1 pg of Ra226 as permissible bone burden, is too high or too low is 
not considered at this point. This large measure of uncertainty in making 
the comparison arises primarily from the extrapolations that must be made 
on the basis of the existing data and from the lack of any adequate theo- 
retical basis for the extrapolations. There is little, if any, human data 
on long-term, low-level exposure to isotopes other than radium. As mentioned 
earlier, it is necessary to extrapolate the data in species, in exposure 
time, and in dose level, and there is no available theoretical basis for 
these extrapolations at the present time. The cause of cancer is not known 
nor is it known how its occurrence is linked with radiation in the case of 
Ra226 or other bone-seekers. Is it the total dose to a particular site or 
cell or the average dose in the skeleton during a long period that correlates 
with the occurrence of bone cancer? Since the dose-response curve is not 
established, it is not evident that in extrapolating from a high dose level 
to a lower level that the equivalence of two bone burdens is preserved. 
Similar remarks apply to the other extrapolations. There is little experi- 
mental or theoretical basis for converting results of short-term exposure 
to chronic expospre or for estimmting the incidence of bone cancers in man 
from data on mice. It is diffienlt to attach any numerical value to these 
uncertainties since even the ‘relevant parameters are not known. As dis- 
cussed earlier, the value of 0.1 yg of radium seems on the whole to be a 
conservative one, and one may hope that this value is conservative enough 
to make some allowance for the present range of uncertainty of the methods 


used for comparison of effects. It is likely that the next few years will 
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, bring to completion or near completion several long-term studies that will 
give additional information. Occupational exposure to presently permitted 
levels will continue to provide some data. To date the industrial experience 
is reasauring. However, it is fair to point out that the average exposure 
of most employees, even of those working with radiation, is generally well 
below the MPC level. The group exposed at or above MPC levels for con- 
siderable periods on a particular operation is generally small, and the 
actual intake of the material is usually very difficult to estimate. Thus 
it is not clear to what extent operating experience really tests these 
estimates. Moreover, experience with most of these isotopes is coextensive 
with the use of atomic energy. It may be we are only now approaching the 
period when late effects may be expected to appear. In summary, the body 
burden of 0.1 yg or Ra@@° appears to be a well-established, conservative 
value so far as its use for Ra226 is concerned. The basic standards for 
other isotopes involve greater uncertainties and are essentially comparisons 
on the basis of dose rates, since the relevant human data on these effects 
are extremely scanty and difficult to interpret. 

For organs where the dose limit is specified directly in terms of a 
rem dose, e.g., thyroid, 0.6 rem/week, or kidney, 0.3 rem/week, the 


estimation of organ burden is given by 


oy ma 2 
(Se 22x10 x 1.61006 Ts 


where R is the specified RBE dose in rem/week, m is the mass of the organ 
in grams, 2.2x10/° is the number of disintegrations per week from one 
microcurie, and 1.6x10~% is a factor used to convert from units of MeV 


in the effective energy E to rem. 
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Once the dose rate standard is accepted, body burden or organ burden 
values based on the specified dose rate are rather accurate inasmuch as 
they only purport to give an amount which produces a given dose. The major 
sources of uncertainty are the degree of inhomogeneity of the deposition of 
the isotope within the organ, and individual variations in size and weight 


of the organ. The recommendations of NCRP and ICRP permit the dose to be 


averaged over volumes of tissue of the order of 1 cm, and this goes far 


toward de-emphasizing the importance of nonhomogeneity so far as the 
recommended levels are concerned. Whether smaller volumes at a higher 
concentration and a correspondingly higher RBE dose rate are significant 
is not known in general, and this implies. some uncertainty. Likewise, the 
NCRP and ICRP have based their recommendations on a "standard man," thus 
largely neglecting individual variations. In 1959 the ICRP did suggest a 
maximum dose limit for population exposure, in effect allowing the maximum 
to be higher than the average by a factor of 3. Taking into account the 
averaging over a cubic centimeter of tissue as well as the averaging over 
& year suggested for population exposure, this factor of 3 may prove to be 
too small. 

The estimation of MPC values, or equivalently, maximum permissible 
daily intakes MPI, involves consideration of the metabolism of these isotopes 
in the body. Here again radium and strontium are among the isotopes that 
have been studied most, and yet the necessary information is not unequivo- 
cally established. The problem is that of describing quantitatively the 
growth of the organ burden for a given type of exposure. As an example, 


226 


consider the ingestion of Ra or sr9°, 
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It is necessary to estimate the retention in the critical organ 


following ingestion or inhalation of the radionuclide. A few experiments 


"on chronic exposure are available, but most experimental work is done on 


the basis of a single dose or a short-term exposure. In using such data 

it is necessary to integrate the retention formula to obtain the organ 
burden resulting from chronic exposure. Thus if R(t) denotes the fraction 
of ingested material that remains in the critical organ at time t following 
ingestion, then following chronic exposure at an intake level of I yc/day, 


one might expect to find in the critical organ at tima T after exposure 


begins an amount 
T 


A(T) =I / R(t)at pc | (3) 
f 


Formula (3) assumes complete additivity, i.e., that an early intake does 
not affect the metabolism of later intakes. At the low level of intake 
to be expected in these applications, it seems a reasonable assumption. 
Experimental checks have been carried out and indicate good agreement in 
11) 


the instances enees \ In the few cases where long-term chronic 


exposure data are available, it is possible to estimate A(t) directly, 

but these cases are few, and in no case do they extend over a period 
approaching 50 years. Thus the estimations made always involve extrapo- 
lations in exposure time, and this is a major source of uncertainty. In 
many cases estimates of the retention function must be based on rather 
short-term experiments with small mammals, and in some cases even for a 
chemically similar but different isotope. In many cases data are available 
on several species but for different modes of exposure, or differing 


exposure periods, and at different dose levels. The choice of a retention 
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function R(t) from such data becomes a matter of judgment rather than the 
precise application of a validated theory. Specific cases discussed below 
will illustrate the situation. 

Before taking up these specific cases, it may be well to indicate that 
the choice of the retention function R(t) or A(t) is the essential step in 
the passage from an organ burden value to an MPC. If A(T) is know, then 


the daily intake I is obtained from 
> 


x [ R(t)at = qf, 
0 


In equation (4) q is the permissible body burden, f5 is the fraction of 
the body burden in the critical organ, so that af, is the permissible 
organ burden. Dividing I uc/day by the average dialy intake of the carrier 
(air, water, a particular food), the MPC is found. Except for individual 
variations in the intake of the particular carrier, the accuracy of the 


estimate depends only on the accuracy of the retention function. 
pa?6 ana gr 


As a first example of such a derivation, consider the estimation of 


(MPC), for Ra@© ana sr”, i.e., the radionuclide is asstmed to be present 


in the water used for drinking as well as in the water used for the prepa- 
ration of food. It is advantageous to consider these two isotopes together 
since their chemical properties are similar and the data used for one may 
profitably be compared with data for the other. Early studies of the radium 
dial painters and patients given radium for therapy led to an estimate that 
chronic deposits of Rac2é in bone showed a 45-year half-life. 2) That is 
to say, assuming that a constant fraction of the bone burden is eliminated 


from the skeleton per day, the rate of elimination was such that in 45 years 
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half the burden of pa226 would be eliminated. Since the half-life for 
radioactive decay of Ra@@© is 1602 years, this 45-year half-life would 
represent elimination due to biological processes alone, and thus 45 years 
is designated as the biological half-life of Rac26 in bone. This estimate 
of the biological elimination of pa226 from bone is still retained by the 
Internal Dose Committees of NCRP and ICRP, although animal experiments 
generally indicate a faster rate of elimination. 

The entire model may be doubted and indeed was never advanced except 
for long-term deposits of radium in bone. ~ Following ingestion of Ra“? or 
sr%, a certain fraction f, of the amount ingestéd is sbsorbed into the 
blood, and this amount is taken up by the skeleton within a few hours, (13) 
The rate of elimination from bone decreases rather rapidly during the first 
few days, but this elimination rate decreases with time. Several models 
have been suggested and used to interpret such data. One model assumes 
that there are several "compartments" or categories of deposition, the 
material being eliminated from each compartment at a rate characteristic 
of that comparmment. As the time after exposure increases, the compartments 
with a rapid turnover time are largely depleted, and only the compartments 
with a long half-life contain a significant amount of the material. One 
may speculate that these compartments might represent material deposited 
in different tissues, e.g., Haversian systems, endosteal bone, bone mineral, 


etc., but no such interpretation has been experimentally verified. Figure 


\liteed Rath an antachhen oh Git Shame 0 abl tele ein Satna 


four exponentials each of which might be considered to represent a com- 
partment. The half-times for the respective compartments are approximately 


1 day, 10 days, 50 days, and 980 days. In general, the turnover time tends 
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to increase with the size of the animal, but there is no validated theory 
for extrapolating from monkey or dog ‘to man. In recent years there has been 
work, particularly by Langham and Richmond, which may lead to such an 
adequate theory. However, at the present time, it is not possible to say 
definitely whether the monkey data and other similar data on dogs, mice, 
etc., are inconsistent with the 45-year half-life in man or not. Figure 5 
from Reference 15 shows the variation of turnover time, or biological 
half-life, of Cs, Rb, and Na in mice, rats, monkeys, dogs, and man. It will 
be noted that the lines are not parallel, and thus the extrapolation law 
varies according to the isotope under consideration. We may hope that more 
data will be available in the years ahead and thst the use of the whole body 
counter and other techniques may provide data directly om man in some cases. 
Another model frequently used to interpret retention data assumes that 


the retention varies as a power of the time following intake, 


R(t) = at (5) 
Such a function yields a graph which is a straight line on a log-log plot. 
Figure 6 shows data on retention of sr95 in man presented in this vay. 26) 
Some of the most accurate human data on radium retention is that 
relating to the Elgin Hospital patients. In contrast to the radium dial 
painters, these patients received known amounts by injection over a period 
of about a year, the body burden was estimated on the basis of expired 
radon within a period of about a year, and a careful estimate of their 


body burden was again obtained some 20 years later. These data are shown 


in Figure 7,3) It will be noted that there is considerable scatter in 


the data. Unfortunately no data are available during the intervening years 
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so that the shape of the retention curve is not demonstrated. It is possible 
that further study of these patients will provide an answer. These data are 


roughly consistent with a retention law of 


R(t) = .58t7°7 (6) 

The question of which mcdel of retention to use is not an academic one. 
If reliable human data were available over a 5O-year period, the data could 
be used directly to estimate the body burden and the model would be unneces- 
sary. Any mathematical formula fitted to the data is merely a more or less 
convenient means of using the data. Actually the available biological data 
can be fitted with either of these models to within the accuracy of the data, 
and thus it is unimportant which model is adopted over the period of time 
represented by the data. However, the available data do not extend over 
periods of time approaching 50 years, and for this extrapolation the choice 
of the model is of considerable importance. For example, using equation 
(6) the body burden after 50 years of continuous intake is approximately 
135 I, i.e., some 135 daily intakes. 

If we attempt to fit a single exponential to the same two values, i.e., 


3 per cent at 1 year and 2/3 per cent at 20 years, we obtain: 


R(t) = 0.032 e (7) 
where time t is im years. The half-life of 8.8 years is about three times 
as long as the monkey data indicate, but this does not seem inconsistent with 


what might be expected in extrapolating from monkey to man. The fraction 


absorbed seems small on the basis of the monkey date. This forma would 


give a body burden of about 150 daily intakes, i.e., 150 I. This result 


is in line with the above estimate but requires a half-life very mch 





364 RADIATION PROTECTION CRITERIA AND STANDARDS 


shorter than the observed biological half-life of 45 years. Since this 
biological half-life rests on a fairly direct measurement of a chronic 
body burden of radium in humans, it should not be disregarded lightly. 
However, if the half-life of 45 years is assymed and if the retention at 
one year is again taken to be 3 per cent, then the body burden after 50 
years of exposure will amount to about 420 I. Thus the estimated body 
burden would be higher by a factor of 3 if this retention formula is used. 
Unfortunately, the human data are not precise enough to determine which 
retention formula is representative of an average man. There is uncertainty 
here which may amount to a factor of 3. The committees concerned with 
internal dose decided to use the longer half-life of 45 years for pa22é 
and of 50 years for sr” as in earlier recommendations. As further long- 
term studies are completed, it may be possible to resolve this difficulty. 

A joint subcommittee of the ICRP and NCRP Committees on Internal Dose 
considered the power law for the isotopes of strontium, radium, uranium, 
and plutonium. The MPC values obtained in this way were submitted for con- 
sideration of the committees. In general, the use of the power function 
gave higher values of the MPC, and the committees decided to retain the 
exponential model pending further clarification of the problem and also in 
order to give a uniform basis for the presentation of the recommendations. 
The values obtained by the power function are given in an appendix of ICRP 
Publication 2. (17) 

Only a single exponential has been used in the above discussion since 
for chronic exposure over 50 years the first three terms of the equation 


in Figure 4 would contribute a negligible amount to the body burden. . Thus 


the coefficient .032 before the exponential in eqhation (7) represents only 
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the fraction of intake going to a single compartment. On the basis of the 
monkey data, the value of this coefficient should be about .27, but since 
the monkey data in Figure 4 were obtained from an injection study, this 
must be corrected for cyal intake. Gtuites of tennis by Qeuuser ot an. ‘29 
and animal studies have indicated a considerable spread of values for this 
fraction. It has been demonstrated”) that its value depends on the amount 
of calcium in the diet, and recent work (2? ) has indicated that other elements 
in the diet also compete with radium and strontium. Thus the value selected 
can only represent an average for a certain situation. The values selected 
are to be considered as representative for an average individual on ae 

typical diet. For any special diet or group of individuals, e.g., children, 
people with certain bone diseases, or people on certain diets, this factor 
would need to be adjusted, and the recommendations of ICRP and NCRP suggest 
that this should be done when the data are available. Some results of 


Spencer et ai. 13) are given in Table III. 


TABLE III 
Excretion and Retention of Sr°? 12 Days 
Following an I.V. and Oral Tracer Dose 


Intravenous 
Br°>, % of Administered Dose 


Case 1 Case 3 


Urine 57.2 31.6 
Stool 10.4 1h.2 
Total Excretion | 67.6 | 45.8 
Retained 2 
Oral 
Urine 14.8 8.4 
Stool 19.0 8. 
Total Excretion | 93.8 | 86. 
Retained Pe ells 
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As an indication of the variation in behavior of isotopes that are 
chemically similar, Table IV gives the values of the constants adopted for 


Ra®26, gr9°, ana cat) for the retention formula (7). 


TABLE IV 


Values of f, and Biological Half-life, Ty, 
for the Retention Formula 


R(t) = ft, e~ 693t/T 


wAiienh aia! 





Iodine-131 


In contrast with the foregoing, ps is dispersed in many tissues of 
the body, but the highest concentration occurs in the thyroid gland. The 
biological half-life is only 138 days, and so under a constant level of 
intake, a state of equilibrium is attained within a few weeks. The radio- 
active half-life is only 8 days, and thus the total elimination due to 
biological processes as well as elimination due to radioactive decay gives 
total half-life of 7.6 days. As with strontium and calcium a deficiency of 
iodine in the body will result in a greatly increased uptake, but for 4 
normal situation the fraction going to the thyroid is about 5-35 per cent, 
the value varying with the amount of the dose and the state of activity of 


(20) 


the thyroid. The total organ burden under equilibrium conditions is 


then given by 


I x 0.3 x 7.7/.693 = 3.31 (8) 
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The MPC value so obtained is 2 x 107. The range of uncertainty is here 
much less than in the case of Ra@@6 and Sr. This arises from the fact 
that the radioactive half-life is much shorter than the time for biological 
elimination. Thus an equilibrium condition is attained in a few weeks, and 
this is determined largely by the radiological half-life which is a well- 
determined physical quantity. The only parameter involving a large measure 
of uncertainty is f oy and this is relatively easy to measure. There is a 
large spread of values available for f,,, depending on the individual's 
condition and diet. As mentioned previously, the recommendations of ICRP 
and NCRP point this out and state that the value of this parameter will 
require adjustment for special groups. In most situations such corrections 
are not made since the levels are generally much below the MPC, but when 
the question is a critical one, e.g., the Windscale incident, such cor- 
rections are made. Thus this range of variation does not represent an 
essential uncertainty but only an adjustment of the data that may not 
always be worth the making. For day-to-day use it may be easier to remain 
comfortably below the MPC rather than to attempt the consideration of the 
individual variations involved. 

It may be well to clarify further the distinction referred to above 
in the case of iodine. The MPC values are listed in the recommendations 
of the NCRP and the ICRP for certain standard conditions. It is assumed 
the exposed person is a "standard man" and the body weight, organ weights, 
and intakes of air and water are carefully specified for this individual. 
The chemical form of the isotope is not specified, but its solubility in 
body fluids, e.g., the extent of absorption into the blood from the gastro- 


intestinal tract is specified. It is assumed the radionuclide for which 


54561 O—60——25 
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the MPC is listed is the only source of relevant exposure and that the 
exposure is continuous throughout the exposure period. MPC values are 
given for occupational exposure during 40 hours/week and also for continuous 
exposure during the full 168 hours/week. In actual operations, there are 
many adjustments which can be applied to these values. If the radionuclide 
is present both in air and in water, or if other radionuclides are present, 
the full MPC level must not be used for each type of exposure. The levels 
must be somewhat reduced so that the total exposure to individual organs 
is reduced to the recommended levels. This adjustment can be made in a 
variety of ways. For example, if Rac26 and Sr? are present in water at 
levels of 60 per cent and 70 per cent of the MPC levels, respectively, 
then the level is somewhat too high. One or the other or both should be 
reduced. Levels of 50 per cent of the MPC values of each would be accept- 
able, but it would also be acceptable to merely reduce the radium to a 
level of 30 per cent of the MPC value for Rae6 Similarly, adjustments 
may be made for exposure time. The recommendations of the NCRP and the 
ICRP are based on total exposure over 13 weeks in the case of occupational 
exposure, and for exposure of the population, the yearly dose has been 
used. Thus a concentration 10 times the MPC level does not indicate an 
overexposure unless the duration of the exposure is sufficiently long. 
Thus the level in a river might be above the (MPC),, level for population 
exposure in some months of the year, but if the average over the year is 
at or below the (MPC),, there has been no infringement of either NCRP or 
ICRP recommendations. Finally, adjustments may be made for solubility or 


chemical form. The solubility factors are listed in the ICRP Report of 


Committee II, (17) and the user is advised to adjust to suit particular 
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compounds or characteristics of the material. 





In general, the forms given 
in the recommendations correspond to the more insoluble and the more soluble 


forms that have been tested. Corrections for individual differences, or 







group differences, could also be made and should be made in applying these 


values to special situations or groups of individuals, e.g., children, 










pregnant women, etc. The diet of the standard man has not been as care- 
























fully specified as many of his other metabolic characteristics, and this 
would be a factor in adjusting the MPC values for particular applications. 
These adjustments to correct for specific characteristics of the exposure 
situation probably should not be considered as "uncertainties" in the MPC 
values. They are factors which can be introduced whenever the necessary 
data are available, and the situation seems to warrant the effort. Thus 
corrections for increased uptake of iodine or strontium by children are 
usually made if the situation is critical enough to warrant the effort as 
was done in determining permissible levels following the Windscale incident. 


In routine operations the concentration level may be so far below the MPC 





level that these corrections may be neglected. Often the resulting levels 
are assumed to produce the body burdens or dose limits specified in the 
recommendations, and this may involve considerable inaccuracy. However, 
this is not directly an inaccuracy in the MPC as listed but rather in 
applying it to other conditions of exposure without appropriate corrections. 
Such neglect of corrections may be warranted when the operational level is 


so low as to effectively make some allowance for these modifications. 


Cesium-137 
Cs!37 is an example of a radionuclide of long half-life which deposits 





quite generally in the soft tissues of the body. Since the radiation 
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emitted is largely gamma radiation, the dose is not particularly high in 
any one organ. Rather the body tissues as a whole are irradiated. In 
such a case the ICRP and the NCRP have recommended that the occupational 
dose should not exceed 5(N-18) rem where N is the individual's age in 
years and 18 years is the age at which employment begins. The recommenda- 
tions do permit exposure above 5 rem in any one year up to 12 rem per year 
provided the above age proration formula is not exceeded. The MPC value 
listed in NBS Handbook 69 is based on this life-time average of 5 rem/year. 
Higher yearly doses are permitted by the recommendations under certain 
conditions, i.e., up to 12 rem/year if the age proration formula is not 
exceeded, but this amounts to another adjustment which the health physicist 
can make in applying the value to specific cases. The work of Langham and 
Richmond referred to above provides better data than is available for most 
radionuclides, but this study was only partially completed at the time of 
preparation of Handbook 69. The biological half-life in muscle and in some 
other tissues is about 140 days, while the body as a whole was assumed to 
have a half-life of about 70 days. As will be seen from Figure 5, their 
completed study would indicate a value of slightly more than 100 days. 
Using & value of f, of 1 and T, = 70 days, and f, = 1, the equilibrium 
body burden is found from equation (2) to be about 100 I, i.e., 100 daily 
intakes. From forma (4) using R = 0.1 rem/week, m= 7 x 10+ g and = 


0.59 MeV, af, is found to be 34 yc. Since the daily intake of water is 


2200, the (MPC), is determined by 2.2 x 10° (MPC), = 3h or (MPC) = 


15x 107% ye/ee, or in round numbers 2 x 1074 uc/ce. It will be seen 
that the estimate would be lower if a biological half-life of 100 days had 


been used. However, the decision of both the ICRP and NCRP committees to 
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round off the values to a single significant digit reflects the judgment 
that the values may be uncertain by a factor of 2 or more, and this is 


illustrated by the present example. 


Radon 

Radon may serve as an example of the special problems encountered in 
attempting to estimate the dose delivered to a certain tissue. The high 
incidence of carcinoma of the bronchial epithelium and other respiratory 
diseases among the miners of Schneeberg and Joachimstal attracted attention 
to the difficult problem of estimating the dose to this tissue from inspired 


radon. The cancers found are of squamous cell type and seem definitely 


associated with the epithelium layer of the bronchus. (2) Many calculations 


of the dose to lungs and bronchus have been attempted, but in 1956 Chamber- 


lain and Dyson ‘@2) published an account of an experimental determination of 


this dose. They demonstrated, as had been noticed by Ghapiro(@3) that the 
dose was due largely to the inhaled daughter products of Rn@22 rather than 
to daughter elements produced in the respiratory tract and also found that 
the dose was primarily due to the free ions of RaA, the first daughter of 
Rn->, in the air. Thus, with @ fixed concentration of Rn@-“ in air, the 
dose varied greatly, depending on the number of dust particles or conden- 
sation nuclei in the air, and this dose correlated well with the number of 
unattached ions. The ions of RaA attached to dust particles or other 
nuclei for the most part are retained in the upper respiratory tract or 
are exhaled before they disintegrate. Chamberlain and Dyson measured the 
retention of RaA ions on the bronchus under various conditions and calcu- 
lated that the dose to the surface layer of the epithelium would be 30 


mrads/hr if the concentration of radon in unfiltered atmospheric air was 
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10°9 e/l. Using an RBE of 10 for the alpha radiation, this amounts to 0.3 


222 45 2.5 x 1078 


rem/week for a 40-hour work week if the air level of Rn 
uc/ce of air. The uncertainty inherent in this estimate is rather large. 
The mucus of the bronchus undoubtedly provides some protection, but this 

may not be as great as has sometimes been supposed. The Rn@22 and daugh- 
ters will be in the mucus to same extent, and thus the mucus is not a mere 
layer of shielding material. Moreover, the mucus is in motion and transports 
radon and daughter products from the lungs and alveoli upward over the 
surface of the bronchus. The RBE of 10 used here is that recommended by 
both NCRP and ICRP for chronic exposure, but it has not been demonstrated 

to be correct for carcinana of the bronchial epithelium. However, this 
layer of tissue does seem to be the tissue primarily involved in the 
carcinomas that have appeared and seems at least as radiosensitive as 


other tissues of the respiratory tract. 


Uranium 

Natural uranium is a mixture of three isotopes of uranium. The 
specific activity, i.e., disintegrations per second per gram, is quite 
low so that the primary hazard soentnetandl uranium is the toxic effect 
on the kidney. However, for isotopes or mixtures of uranium isotopes of 
greater specific activity, the dose to the bone becomes the controlling 
limit. Thus the critical organ and the type of effect considered change 
according to the specific activity of the uranium considered. As an 
example of the use of toxicity as a criterion and in order to point out 


@ major uncertainty, the (MFC), of natural uranium will be estimated. 


The critical parameters needed to determine the (MPC), for natural uranium 


are thus the permissible concentration in kidney, the fraction f,, of 
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ingested material depositing in the kidney, and the biological half-life or 












retention fumction by which it accumulates there. The NCRP and ICRP Comnit- 
tees on Internal Dose selected the level at 3 wg of U per gram of kidney 
and a biological half-life of 15 days for uranium in the kidmey. The evidence 
for these is summarized in Reference 24. At the level of 3 pg of U per 
gram of kidney, the experimental animals did show detectable effects, but 
these were mild, and it has been demonstrated that the kidney develops 


some resistance to uranium with low-level exposure. The evidence in man 

















is scanty and inconclusive. The most accurate and detailed data in man 
are those obtained from injection studies of terminal brain tumor patients (*>) 
These studies were all at relatively high levels because of the therapeutic 
objectives of the study. Consequently the concentration of uranium in the 
kidney was higher than the above-mentioned value, and all showed some 
evidence of kidney damage. Industrial experience to date has not resulted 


in any known cases of kidney damage from exposure at the present MPC level. 






The biological half-life in kidney seems to vary from about 4-5 days in 
small mammals to 10-15 days in man, (2) The dose level seems to have an 
important effect on the uptake and retention of uranium by the kidney. 
The human studies referred to above and later animal studies have confirmed 
that at high dose levels the kidney damage results in greatly increased 
(26) 


burders of uranium in the kidney. These dose-level effects emphasize 












the importance of experimental studies at or near the MPC levels. While 
such experiments may not reveal any biological effects of the intake, they 
are a check on the accuracy of the metabolic model that is assumed. When 
this model is obtained by extrapolation from a study at a high dose level, 


it is desirable that it be checked at a level near the MPC, 
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The very low value of f = 1.1 x 107? as used in the Internal Dose 
Handbooks is open to some question. It rests upon early short-term studies. 
Studies reported since the completion of NCRP Handbook 69 have indicated it 
might be considerably in error. (21) In addition to the dose effect mentioned 
above, the fraction absorbed into the blood is very small and therefore 
difficult to determine accurately. It is relatively easy to control the 
contamination of drinking water in most uranium operations, and ingestion 
has not been a major problem for the industry. Nevertheless, further 
studies are needed to give a more accurate estimate of the intake and 
retention of uranium. 

If the value of 3 yg of U per gram of kidney is accepted as a 
permissible level, then the permissible organ burden is 900 pg of U since 


the kidney has a mass of 300 g. From formula (3) the organ burden wil) 


be 2.3 x 10-* I if I is the daily intake by ingestion, and 


- 9-693 4 
15 


R(t) = 1x10 e 
Hence, I = 3.9 g and (MPC), = 3.9/2200 = 1.8x 1073 g. Since the effect 
is a chemical one, it might be preferable to express the amount in grams, 
but for the sake of uniformity it is given in uc in NBS Handbook 69 as in 
the case of all other radionuclides. It is conventional to consider one 


pe of natural uranium as consisting of 1 uc of y238, 1 pe of y234 and 
0.046 we of UM3>. 


Thorium 
The MPC of natural thorium is one which is currently very much in 


doubt. For industrial applications the maximum permissible concentration 


in air (MPC), is of primary interest. The greatest uncertainty is 
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probably that involved in the retention model adopted for inhalation. The 
deposition and retention in lung is ‘known to depend on particle size, 


chemical form, and perhaps also on certain physical parameters such as the 





shape of the particle or crystal. For retention in lung tissue, a biolog- 






ical half-life of 120 days is assumed, but it is not known what range of 











particle size would have this long a half-life. There is considerable 
uncertainty also concerning the pattern of elimination from the lung. In 
NCRP and ICRP recommendations it is assumed 25 per cent of the inhaled 
material is exhaled and that 50 per cent of the inhaled material is 
deposited in the upper respiratory passages and subsequently swallowed. 


If the compound is soluble, the remaining 25 per cent is assumed to pass 
into solution in the body fluids. 





If the compound is very poorly soluble, 










it is assumed that 12.5 per cent will be swallowed within a day, while the 


remaining 12.5 per cent remains in the lung with a biological half-life 





of 120 days or longer. In the case of thorium, experiments have indicated 















a longer biological half-life of about 4 years. The distribution of this 
final 12.5 per cent represents the second major source of uncertainty for 
these insoluble compounds. Perhaps no compound is completely insoluble, 
and some portion mist reach the blood. There is also the possibility that 


there is some translocation of material into the blood stream without 





going into solution. Some fraction may be carried up by the mucus and 
swallowed. Within the last few years, increasing evidence has been found 
that the lymph nodes are a major site of deposition of the heavy metals. 
It appears that after a few months of chronic exposure the concentration 
in lymph nodes surpasses the concentration in lung, and the rate of elim- 


ination from the lymph nodes is very slow and in many cases could not be 
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measured. A summary of recent work is given in Reference 27. Although 
very high concentrations of particulates have been produced in lymph nodes 
of animals, the lymph nodes have not shown evidence of serious damage. 

The dose calculation is difficult, because the high concentrations make it 
possible that a considerable part of the energy is absorbed in the partic- 
ulate material and does not reach the tissue. Also, it may be that the 
lymph nodes form a layer of inert scar tissue about such deposits and 
that the alpha radiation does not penetrate to the mitotic layers of 
tissues of the lymph nodes. Certainly the lymph nodes of experimental 
animals seem to show astonishing resistance to large doses of radiation 
over periods of months or a few years. Whether there might be more serious 
late effects following many years of exposure is not known. 

Thus the (MPC), values based on lung are doubtful, because the response 
of one of the tissues where the concentration is highest is not accurately 
assessed and also because the amount deposited in the lung and lymph nodes 
depends on many parameters whose influence has not been adequately deter- 
mined. It is possible that studies now under way or in the planning stage 
will provide answers to some of these questions, These uncertainties are 
largely present in the retention model and thus are not peculiar to thorium. 
Therefore, similar uncertainties are inherent in the case of all the (MPC), 
values for insoluble compounds of the heavy metals. 


In the case of a soluble compound, some fraction of the 25 per cent of 


the thorium leaving the lung will deposit in bone. The present (MPC), 


values for soluble thorium based on bone assume 70 per cent of this 25 
per cent reaches the bone. The biological half-life of m®@32 in bone is 


of the order of 200 years, so that elimination is almost negligible over 
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@ period of 50 years. Using forma (3), the bone would accumilate about 
3150 daily intakes. The energy per disintegration of an atom of Th232 
is found to be about 270 effective MeV per disintegration in bone. The 
calculation of this energy is quite involved since much of the energy 
comes from the daughter atoms, and of these some appear to recirculate 
to the blood upon formation and do not all remain in bone. This is some- 
what analogous to the behavior of the Rn@“ atoms formed by the decay of 
ra°6 in bone. From forma (1), (af) = 0.041 ye, and thus for T®3@ 
(MPC), = 6.5 x 10713 yc/ee since the daily intake of air is 2 x 10! ce. 


In this case the bone burden does not reach equilibrium and so increases 





throughout the exposure period. Only at the end of the period would it 





reach the value of essentially 0.OMlyc indicated above. 








In the case of Th? the radiological half-life in bone is only 700 . 
days, and thus the bone burden of Th225 will reach essential equilibrium 
long before 50 years of exposure. Using the total half-life in bone as 
693 days and f, = 0.18, formula (3) gives (qfs) = 160 I, 1.e., 160 daily 









intakes. The effective energy in bone is 970 effective MeV, and thus by 
forma (1) afp = 0.011 we. Hence (MPC), = 3.1 x 107)? ye/cc. 
Natural thorium is considered to consist of a mixture of m3 and 


m228, and it is customary to consider 1 yc of natural thorium as con- 





sisting of 1 ue of each of these isotopes. 





Thus a level in air of 1 uc 


A EL 


of natural thorium would eventually produce a dose of 0.56/(mpa)=*-*3 

ren/veek from 1 we of Th®3? and also 0.56/(MPC)T*-°> ren/week from 1 ye 

of T*5. Consequently (MPC), = 5-7 x 1073 ye/ee for natural thorium. 
The value of (MPC), given above is quite low but is not out of line 


with animal experiments on the relative hazard of thorium and plutonium 
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which has very similar chemistry and essentially the same (MPC), The 
comparative studies of Ra226 mee, pu->9, and sr90 reported in Reference 


28 indicate that m22o 


is indeed as toxic as Pué2? on the basis of the 
injection studies reported there. It should be observed that Th°-> nas 
a far higher specific activity than natural thorium so that the gram 
amounts injected in the case of the dog studies are much less than the 
gram amounts of the same number of yc of natural thorium. There is con- 
siderable evidence that this influences the amount retained by bone and 
that natural thorium would not be absorbed to the same extent as m°29, 
This mass effect on retention, although not completely explored at the 
present time, was largely conjectural several years ago, and even now it 
is difficult to estimate this effect for man. Thus the metabolic model is 
again in doubt, and further research will be needed to clarify and quanti- 
tate this effect. 

The value of (MPC), = 6 x 10°13 for natural thorium is 1/50 of the 


value given in the previous recommendations. This former value had never 


been calculated on the basis of a limiting dose rate but was listed by 


comparison of industrial experience with uranium and thorium. It may be 
that the industrial situations usually encountered in mills, mines, and 
factories would be such that this, the higher value, is appropriate, but 
this has never been demonstrated. No really careful and statistically 
valid survey of thorium industrial experience has been made, though some 
persons with a fairly long history of exposure have been located. Mo 
observable effects have been found, though they are believed to have been 
exposed to high concentrations of thorium. Whether the concentration was 


consistently high throughout their period of employment, whether the 
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as inhaled natural thorium, uncertainty may be by a factor of 10-100. 

The judgment that the value for iodine is this accurate is to be 
understood in the sense that the estimate applies to a "standard 
man," i.e., this does not allow for individual departures from the 
average. 

(3) ‘The changes in the MPC that will be necessary if individual 
characteristics and habits are to be taken into account will be 
large, perhaps by a factor between 0.1 and 10. This would include 
differences due to age, sex, body size, diet, personal habits, etc. 
As indicated above, these may be considered as adjustments that 
should be made in applying the MPC to a particular individual or 
group. They become uncertainties when their influence is neglected 
or when the relevant corrections are not known. 

It is clear that the margin of uncertainty is rather large in all 
cases. However, it is to be remarked that only a very few sciences have 
attained the precision of, say, the astronomy of the solar system. In a 
case where no adequate theoretical basis is available and where controlled 
experiments are largely impossible, the situation is not surprising. The 
number of cases where some of these estimates can be checked quantitatively 
is not very large, but on the whole the results are encouraging. In several 
cases where victims of accidents have been studied the estimates of body 
burden obtained by the use of the metabolic model have been checked by 
use of the whole body counter or in some cases upon autopsy. Agreement 
within a factor of two has been the rule rather than the exception. (29) 

The dose to the gastrointestinal trast from radioactivity present in the 


contents has been, calculated.(17) nie nas been checked in’dogs: by 
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implantation of dosimeters with very good agreenent (2°) The same studies 
also indicated that a state of constipation or of diarrhea could change the 
answer greatly, thus again emphasizing that the dose estimates involved are 
always for a precisely defined individual and situation and that category 
(3) mentioned above must be taken into account in assessing the uncertainty 
of the estimates. 

It would be misleading to leave the impression that these checks are 
extensive enough to cover the field or that they are all favorable. The 
changes that occur in the MPC values from one revision to the next are 
ample evidence that new information often points up the inadequacy of 
the former values, and we may expect more changes as better data become 
available. That changes in these estimates should occur is not surprising, 
but to be expected. The more surprising element in the situation is 
rather that amid all the concern expressed for more or less of control 
there is relatively so little concern with obtaining the accurate infor- 


mation which is essential for intelligent control. 





























(1) 


(2) 
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SUPPLEMENTARY QUESTIONS ON STRONTIUM-90 


Discuss the Radium-226 Standard for bone-seekers. What is assumed about 
RBE, non-uniform distribution, retention, etc.? 


This question has been discussed above (paragraphs 3-10). 
To what extent is the Radium-226 Standard (0.1 microgram) compatible with 
present recommendations of MPD? Does the Radium-226 Standard represent a 


departure in concept from a concept of increasing hazard with increasing 
dose? 


According to our best estimates, a bone burden of 0.1 pg of pa2O 
results in an average dose to bone of 0.06 rad/week. This is nearly all 
@ radiation and, if an RBE of 10 is assumed, gives an average dose of 
about 0.56 rem/week to the bone. This is of the same order as the dose 
of 0.6 rem/week permitted to the thyroid and skin, but it is nearly 
double the dose permitted to most soft tissue. The ICRP in its 1958 
Recommendations justified the somewhat lower rate of 0.3 rem/week in 
most soft tissues as follows: 34 ) “Whereas in the case of the blood- 
forming organs, the gonads, the lenses of the eyes and the skin, the 
objective of protection is to prevent or minimize definitely khown 
types of injury, in the case of other organs the type of injury is not 
known. (Bone constitutes the only exception, in which case the rele- 
vant injury is cancer and permissible limits may be set on the basis 

of data furnished by human subjects who accumulated radium in their 
skeletons.) Possibly, radiation in sufficient dosage may increase 

the incidence of cancer in one of these organs (e.g., the thyroid 


gland) or it may accelerate aging of the organ. In the absence of 








(4) 





RADIATION PROTECTION CRITERIA AND STANDARDS 383 


factual data, it was deemed prudent in earlier recommendations of the 
commission to set the maximm permissible limit for these organs, when 
irradiated by internal sources, as low as that for the more sensitive 
organs such as the gonads, that is, 0.3 rem/week." In my judgment the 
different limits on dose reflect (1) judgment concerning the serious- 
ness of the effect, (2) some knowledge of relative sensitivity of 
tissues to radiation, and (3) in some cases a considerable lack of 
knowledge of what the effects and rates may be. It is not a departure 
from a concept of increasing hazard with increasing dose since the 
limits apply to different tissues. 


To what extent is the Strontium-90 body burden (1.0 microcurie) 
compatible with present recommendations of MPD? 


According to the best estimates available, a body burden of 1 uc 
of Sr” vould deliver an average dose to bone of 0.056 rem/week. 
According to Hindmarsh et a1. (20) the peak dose may be some three 
times this value, or about 0.17 rem/week. The dose in marrow would 
range from 0.17 rem/week down to perhaps 0.006 rem/week, depending on 
the size of marrow deposit that is assumed. An average in marrow 
would probably not be more than 0.02 rem/week and the average to the 
entire blood-producing organs would be even less according to these 
estimates. 

What are the arguments for switching Strontium-90 over to an MPD-based 
standard? What are the principal unknowns (or uncertainties) in the 
present Radium-226 comparison method? 

The arguments in favor of basing the body burden on a MPD can 


only have the validity ascribed to the MPD that is used. As the 
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statement quoted above from ICRP Recommendations of 1958! 31) indicates 


the MPD of 0.3 rem/week is taken somewhat lower than in the case of skin, 
thyroid, etc., because of uncertainty concerning effects and incidence 
rates. The radium standard is indirectly used in arriving at the rate of 
0.3 rem/week, and thus the use of this dose rate indirectly refers to the 
radium standard. The principal uncertainties in the use of the radium 
standard are: 
(a) The effect of nonhomogeneity in the dose distribution. 
(b) The effect of the distribution of dose in time. 
The radium dial painters and medical patients had a high 
initial body burden and dose rate which decreased thereafter. 
The occupational worker will experience the reverse of this 
situation. 
The proper value of the REE. 
This last uncertainty does not apply to @ emitters but does 


apply to B emitters and hence to sr”°, 


(5) Why was the Strontium-90 body burden doubled? Was the corresponding 
dose doubled? How is this reconciled with the Radium-226 Standard? 


As the above discussion has indicated, there are a number of 
possible ways of using the radium standard to define a body burden 
of some other bone-seeker. The members of NCRP and ICRP vote as 
individuals and do not always indicate which reasons determined 


their vote. From the discussions and correspondence the following 
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reasons seemed most influential: 
(a) ‘The dose values indicated under (3) when doubled are still 
’ within NCRP and ICRP dose limits from radium in bone, or for 
other organs, and this is true whether average dose or maxi- 
mum dose is considered. 
(>) The comparison with radium by direct experiment has only been 
carried out in small mammals at rather high dose levels and 
for times much shorter than the latent period for bone cancers 
from radium in man. Thus it is not at all clear that the 
direct application to man is valid. 
(c) The two methods give essentially the same value. The 
difference of 1 pc and 2 pc can hardly be regarded as sig- 
° nificant in the light of present knowledge. To have adopted 
the value of 1 uc would have required a rationalization of 
why this bone-seeker was given a different treatment than 
that accorded the others. The Committees insisted on giving 
values to only one digit which implies that differences of 
0.5-1.5 or 1.5-2.5 are not regarded as significant. 
It is evident that the dose to boné will be doubled@wif the. body « 
burden of Sr”? is doubled. The previously recommended body burden of 
1 uc of Sr” was not based primarily upon a dose rate, but was based upon 
a comparison of carcinogenic effects of sr°9 and pa226 in experimental 
animals. It appeared that sr°9 was about 5 times as potent a carcinogen 
as pa“ on the basis of equal dose to the skeletons of these animals. 


What the corresponding equivalent doses would be in man at a much lower 
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dose rate is difficult to determine. The greater fraction of nin? 


escaping from the bones of the mouse is one example of a correction 
that must be made. Whether this equivalent dose from sr”? in man 


averages 0.11 rem/week (the average dose from a body burden of 2 uc of 


sr?) or is more nearly half of this is not demonstrated on either basis. 


In the one case, the comparison is based on the relative biological 
effects but requires corrections for differences in species, dose rate, 
exposure period, etc. In the other case, the long-term biological effect 
of pa2eo is taken as the starting point and the comparison is made 
through dose rates and dose effectiveness. 

This does not conflict with any evidence from the radium dial painters 
or the cases of medical exposure that have been observed to produce bone 
cancer. It should be noted that in man, the body burden would only * 
approach the value of 2 wpe after some 50 years of exposure. Throughout 
most of this period his body burden would be expected to be less than 
this. There is no conflict here with the radium standard since the 
observed cases of bone cancer due to radium had a much higher dose rate 


early in the period of their exposure. 


Is Strontium-90 level for food as worked out from NCRP Handbook 69 
independent of the water content? Of the Calcium content? 


In adjusting the (MPC) of NCRP Handbook 69 to apply to food, the 
total intake must be considered, and this includes the intake of other 
radionuclides as well as sr??, The calcium content needs to be con- 
sidered also since this has been shown to influence the fraction taken 
up by the bone. These are adjustments which ICRP and NCEP have 


indicated as appropriate to adjust the MPC to a particular individual 


or situation. 
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How does the vhilosophy of limiting intake limit Strontium-90 in bone for a 
low Calcium diet? 


For an individual on a low calcium diet, the value of fh) the fraction 
of intake going to bone, would have to be increased. Without such 
correction the individual on a low calcium diet would retain a greater 
fraction of his intake. If it is assumed he ingests the same amount as 
a “standard man" on a normal diet, he would attain a larger body burden 


than the “standard” individual. 


How is the MPL applied to drinking water of known Strontium-90 content but 
unknown content of other activities? 


If drinking water contains sr?° and other unknown radionuclides, one 
can, in the absence of all other information, assume the worst, i.e., that 
the other radionuclides were among those with the lowest MPC known and 
calculate accordingly. Frequently it is possible to make a partial 


elimination, e.g., no @ emitters present, and then use the lowest MPC 


for the radionuclides not eliminated. Handbook 69 gives detailed tables 


and examples of such an approuch. 


If child or adult drinks milk having 25% MPC of Strontium-90, will bone 
be 25% of MPBB? 


If the adult drinks the milk during 50 years, his body burden would 
be expected to reach this level. The child would take up a larger 
fraction during his early years and would eventually surpass the 25 


percent level of the MPBB according to the model. 


Can all of the MPL's for bone-seekers be wrong? 
The question can be interpreted in several ways. If the MPL refers 


to the basic standard, then this reflects a value-judgment. Whether 
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0.1 ye of Ra®° 0 w proper staniaid for permissible Body burden dspeiis 


partly on what incidence rate of cancer or other effects society will 
tolerate in order to have the avplications that occasioned these body 
burdens. At present these incidence rates are not known precisely but 
seem of an order that has escaped detection during a half-century or more 
of the use of radium. Thus they seem to be not more than the levels of 
risk commonly accepted. The same can be said of the basic dose rates. If 
too high, the higher incidence rate has not manifested itself thus far, 
but since experience with these is not so extensive, more caution is 
indicated. The basic limits can only be judged as too high or too low 
when weighed against the benefits obtained from the application. 

If the MPL refer to the MPC values, then it is likely that all are 
wrong to some degree in the sense that they may not produce the -body 
burdens they are now expected to produce, even under the standard con- 
ditions assumed in deriving them. We may expect that as better data 


accumulate these values will be changed from time-to-time. 
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Statement by Dr. Jack Schubert, Senior Chemist, Division of Biological 
and Medical Research, Argonne National Laboratory. 


My remarks are based on parts of the outline of March 21, 1960 
entitled, "Hearings on Radiation Protection Criteria and Standards: Their 
Basis and Use", which was prepared by the Joint Committee on Atomic Energy, 
Congress of the United States. As requested, I have emphasized topics 


III-A and III-C of the outline. 
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General Comments on Statistical Aspects of Radiation Injury 


All of the hazards faced by modern man have one factor in common. 

This factor is the impossibility of proving that very small sub-lethal 
amounts of any toxic agent have ever harmed an individual. It makes no 
difference whether the hazard is radiation or that due to food additives, 
pesticides, heavy metals, tobacco, or any other chemical or physical 
agents. This means that the potential harm or danger caused by sub-lethal 
toxic amounts of agents to large populations must be deduced by statistical 
means. It is not possible to obtain a meaningful positive or negative 
answer to a question such as "Do you know of any person who has been harmed 
from levels of radiation corresponding to the present permissible levels?" 
As a matter of fact, it is as impossible to ascertain a cause and effect 
relationship of background levels of radiation to an individual as it would 
be to state when a single radioactive atom will disintegrate. 

Modern statistics and probability theory have provided us with ways of 
evaluating the probabilities on situations affecting large numbers of 
people. Insurance companies, for example, make good financial profits from 
probabilities. Yet, out of a million people they find it impossible to 
say who will die within a given time but with remarkable accuracy they can 
predict how many will die within a given time. The larger the population 
the more accurate the prediction. Disregard of proper statistical analysis 
has led to some serious deficiencies in the whole problem of evaluating 
radiation hazards to large populations. It has not always been appreciated 
that no conclusions about the presence or lack of radiation injury can be 


made when the population samples have been too small and the normal incidence 


of a given disease has not been evaluated. 
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Specific cases applicable to radiation problems where untenable 
conclusions were drawn because of inadequate statistical analysis include 
the radium dial cases, and the distribution of strontium-90 in the world's 
population. Details are given in my testimony (Fallout Hearings, pp. 
1640-1644, 1959). 

Other examples in which incorrect or misleading impressions have been 
given to the American public because of misuse or non-use of suitable 
controls include (1) statements concerning bone tumor incidences in sea-level 
cities such as San Francisco as compared with cities such as Denver at 
higher altitudes (Fallout Hearings, p. 1523, 1957) and (2) the citation of 
the fact that humans have lived for many generations in parts of the world 
which have higher than average natural background radiation (Fallout Hearings, 
p. 1377, 1959). In both these examples the lack of suitable controls should 
have precluded any statement which gave the impression that radiation doses 
of the order of background are harmless or negligible. 

The San Francisco-Denver comparison would have to evaluate information 
such as the age distribution of the population, the comparative frequency 
of medical X-rays, etc., in order to be seriously considered. 

Similarly the second example is analogous to statements that marriages 
between first cousins are not detrimental since this practice has been going 
on for centuries in many parts of the world. Yet statistical studies indicate 
considerable harm to the succeeding generations from first cousin marriages 
since recessive or hidden hereditary diseases have a greater probability 


of becoming manifested (Fallout Hearings, p. 1023, 1957). 





RADIATION PROTECTION CRITERIA AND STANDARDS 395 


What Is A Threshold Radiation Dose? 


While it is of great theoretical interest to determine whether there 
is a dose of radiation below which no harm would result, there are practical 
reasons why it is not always possible to refute or confirm the existence 
of a threshold. In the first place, what does one mean by a "threshold"? 
Actually the threshold is not a fixed number but is entirely dependent on 
one's base of reference. For example, consider a group of animals given 
200 r of total body radiation within a short time. If we look for deaths 


in the group during a thirty day period, we find none. Therefore, one 


might say that the threshold before any deaths occur is 200 r and that 


below that dose one is safe--from death in thirty days. 

If we follow the group for a year then we find that some of the animals 
have died in numbers greater than the controls. On further experimentation 
we find that in animals given 100 r of total body radiation no deaths occur 
even after a year. So now we have lowered the threshold to 100 r and our 
criterion is one year survival. But if we follow these animals during 
their entire life span we find that they develop cancers at a higher rate 
than the controls. Further experiments show that at a total dose of 50 r 
no cancers developed. Now the threshold, taking our biological end point 
as cancer, could be only 50 r. 

Suppose, however, that we want to refine our measurements and to 
ascertain whether one would observe an above normal rate of cancers in 
animals receiving a total dose of only 20 r. This is done and the cancer 
death rate turns out to be no different from the controls and that within 


the error limits of the experiment, the life span is unchanged. Thus the 
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new threshold becomes 20 r. But wait! We make follow-up studies on the 
offspring of our animals receiving 20 r and on the several generations 
which follow. Then we find that the incidence of several debilitating 
hereditary diseases and of hereditary lethal effects in the subsequent 
generations has increased by about 50%. So then we start to search for a 
new threshold based on genetics. Perhaps we may find that a dose of 5r 
gives no apparent increase in the mutation rate. But wait again--if it 
takes ten thousand animals to get data of statistical validity and our 
experiment involved only 200 animals then we cannot make any conclusion. 
On the other hand, Dr. X may come along and observe that no mutations were 
found in your animals and for practical purposes he would conclude that 
one can receive as much as 5 r without inducing an increase in the mutation 


rate, so that as far as he is concerned, the threshold is 5 r. But one 


might point out that if the probability of an effect was, say, one in a 


thousand and that one would not expect to find anything he might dismiss 
your argument as "theoretical", 
The moral of our story is that in order to apply a threshold concept 
one must define one's statement in the following terms as a minimum: 
1. The numbers of the population involved. 
2. The biological end-point, such as death, cancers, mutations, 
cellular disturbance, etc. 
The time scale--in other words are you basing your threshold on 
the lack of an effect after ten, twenty, fifty or how many years? 
The part of the population to which one is referring. For example, 
the threshold for adults may be one value, but the threshold for 


children may be another. 
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For the setting of permissible levels of radiation there are several 
good reasons why it is prudent not to assume a threshold exists. From the 
psychological standpoint the threshold concept could give people the idea 
that if they accumulate above the permissible dose of radiation their lives 
are suddenly endangered. It is far better for people to become educated to 
the idea of probabilities, namely that all doses of radiation approximating 
natural background increase an already very small probability of injury to 


a higher but still very small probability. 


Experimental Evidence For Low Level Radiation Effects 


No data exist yet which demonstrate directly and quantitatively that 
protracted exposure to radiation levels approaching natural background have 
or have not deleterious effects on humans. On the other hand, as our methods 
of study become more sensitive and critical, it is found that the doses 
found to produce injury become smaller. In many indirect ways it is possible 
to estimate the maximum injury which may be produced by low doses of radiation 
corresponding to natural background and fallout. For example, we could 
assume that all cases of leukemia were caused by natural background radiation 
(about 0.1 rad per year). 

The best evidence still available which appears to demonstrate directly 
in humans a detectable effect of very small doses of radiation is that 
pertaining to the radiation exposure of the fetus during X-ray pelvimetry 
measurements on the mother (Fallout Hearings, p. 1652, 1959). From these 


Studies it was estimated that natural background radiation could be 
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responsible for 5 per cent of all cancer deaths in children below the 
age of ten. These calculations did not include possible genetic effects 


of radiation. 


Several studies are now in progress from which it is being determined 


whether a relationship between natural background radiation levels in 
different communities and areas of the United States correlate with the 
incidence of congenital malformations. As yet, the published results of 
these surveys are too incomplete and inadequate to provide any answers of 
statistical significance. 

Numerous studies of the effects of high radiation levels on such 
criteria as lethality, cancer, and life shortening have been reported. 
However, it is difficult to make reliable predictions as to the effects of 


low level radiation doses from these studies. 


Current Radiation Standards 

The setting of radiation protection standards and criteria involves 
many arbitrary decisions. The probable effects of small radiation doses 
have been deduced in the past from observations on people working in X-ray 
departments of hospitals. In addition, the criteria for evaluating 
radiation induced injury have been based on evidence of gross bodily injury. 
The combination of insufficient statistical controls and the requirement of 
gross bodily injury had led to the setting of standards which involved too 
much guesswork and too much dependence on unsuitable experience. 

Why have radiation standards been lowered over the years? The reasons 


are not hard to find. These include the following (see Fallout Hearings, 








ns 
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p. 1648, 1959): 























1. The people setting the standards were primarily experienced with 


the therapeutic use of X-rays. 





Hence their experience involved radiation 
doses involving hundreds or thousands of roentgens. 
2. Disregard of the consequences of more subtle effects which could 
not be shown immediately. 
3. Inadequate appreciation of the importance of suitable controls. 
4. Uncertainties in defining what biological end-point should be 
the determining factor. 
5. Lack of appreciation that standards for whole populations, as far 
as somatic effects are concerned, must be tied to the most sensitive groups 


in our population, as for example, children rather than adults. 


Natural Background Radiation and Permissible Levels 
for the World's Population 
In the January, 1958 issue of the Bulletin of Atomic Scientists 
(Fallout Hearings, p. 1648, 1959) R. E. Lapp and myself specifically 
proposed that all permissible levels be defined relative to the natural 


background radiation. 





While natural background radiation varies from place 









to place, we suggested that the natural background radiation be fixed 


arbitrarily at a "standard" value. Substantially the same proposal 





subsequently has been made by the ad hoc group of the National Committee 


on Radiation Protection (NCRP) in their report published February 19, 1960 





in Science. The Federal Radiation Council may adopt this proposal. 
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The use of.a Standard Natural Background (SNB) as a baseline would 
mean that the maximum permissible levels (MPL) of radiation for the world's 
population would be some multiple of the SNB. Let us assume, for example, 
that the peacetime MPL would be set equal to two SNB's. This leads to the 
problem of how to deal with those areas in the world where the average 


natural background exceeds the MPL. In these cases it would appear 


reasonable to compare the total radiation exposure of these high background 


areas with the total world-wide exposure. We are dealing here with a 
situation where the probability of radiation harm from near and persistent 
background levels to a relatively small group still entails a very small 
risk to the world as well as to the group itself. For example, with 
regard to genetic effects, if the SNB is taken at 0.1 rad per person per 
year, then in a world population of 3 billion the total radiation exposure 
is 300 million rads per year. If the MPL is taken to be equal to one SNB 
then an additional 300 million rads would be considered tolerable. Now let 
us assume that in a certain area the natural Sacbenman’ radiation is five 
times the SNB or 0.5 rad per year per person and that a 100,000 individuals 
are involved. This means that the total radiation dosage is 100,000 x 0.5= 
50,000 rads. The maximum tolerable dose, namely the SNB + MPL, would 
ordinarily be 20,000 rads for 100,000 persons, thus leaving an excess of 
30,000 rads per year. However, an excess of 30,000 rads in the examle 
considered would appear to be trivial when compared to 600 million rads. 
Whether the same approach for evaluating possible somatic effects would 


apply needs further consideration. 
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Another reason for recommending the use of an SNB as a baseline for 
permissible levels is that it would avoid the error of setting permissible 
levels at unrealistically low values. The practice of using an occupational 
level and then inserting safety factors for application to large populations 
has sometimes led to the recommendation of MPL's corresponding to total 


doses below the natural background. 


Permissible Levels for Special Groups 


Occupational groups are permitted to operate under permissible levels 
higher than that recommended for the world's population. The recommended 
MPL's for occupational groups have ranged from ten to a hundred times greater 
than that proposed for large populations. Other special groups, such as 
individuals undergoing radiation therapy, are generally exempt from MPL 
considerations, It is questionable whether rigid MPL's for different 
occupational groups should be recommended or whether a certain degree of 
flexibility should be allowed depending on local conditions. The most 
stringent regulations would appear to be required in cases where potential 


contamination to large areas and populations are involved. 


Rads and Rems 


The latest recommendations of the NCRP and ICRP utilize the rem unit. 


It is my suggestion that the use of this unit--which I consider to be 
misleading--be discontinued. The rem is the radiation dose in rads 


multiplied by the RBE (relative biological effectiveness) : 


dose in rem = dose in rad x RBE. 
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Thus, it is conventionally assumed that the RBE for alpha rays is 10 while 
that of beta or gamma radiation is 1. This implies that a beta ray dose 
of 1 rad will produce a biological effect equivalent to 0.1 rad of an 
alpha ray. 

The RBE is not a constant but depends, among other things, on the 
biological effect produced and the dose. Rather than add to existing 
uncertainties, I strongly recommend that all doses and permissible levels 
be expressed in rad units. Among other things, this would eliminate the 
RBE factor of one-tenth for strontium=-90 compared to radium-226. I would 
emphasize, however, that while the rem unit is dropped, the RBE concept 
would be retained as well as the information we have and hope to gain from 
it. For many acute effects some differences in RBE among ionizing particles 


do exist. 


“Creeping Contamination! and Radiation Regulation 

As the peacetime uses of atomic energy increase, the probability 
exists that there will occur a steady increase in the radioactive 
contamination of our environment - a process I call "creeping contamination”, 
Radioactive contamination knows no boundaries and cannot be controlled by ad 
hoc and incomplete regulation. The very nature of radioactive contamination 
requires that regulation, inspection, control, monitoring, and licensing 
be done by a Federal group having the powers to go anywhere for their 
legitimate purposes. On the other hand, as local state regulation machinery 
improves, it would mean that the Federal agency would reduce its work load 


in a given area, However, radioactive contamination is such that we cannot 
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wait for local areas or local industries and laboratories to perfect 


their radiation regulation machinery’ 


Regulation of Medical Radiation Sources 


It is well known that the exposure of the population to medical 
radiation from X-ray machines, fluoroscopes, and radioactive isotopes 
contributes greatly to the radiation doses received by the population. 

I am not referring to medical radiation used for cancer treatment but 

rather to that used for diagnosis and treatment of non-cancerous conditions, 
A documented report of the abuses and misuses in this field has been 
published (J. Schubert and R, E. Lapp, “Radiation - What It Is and How It 
Affects You,"' The Viking Press, New York, 1957). a 

While the medical profession has repeatedly made attempts to regulate 
the use of radiation devices, experience shows that self-regulation has not 
worked, The majority of physicians and dentists do not possess the training 
to assess the operation and to minimize the use of radiation devices as 
applied to diagnosis and treatment of non-cancerous conditions. I 


recommend, without reservation, that a Federal group monitor, inspect, and 


license all X-ray machines and other radiation sources used by physicians, 


dentists and other such groups. 





STATEMENT OF DR. E. B. LEWIS, DIVISION OF BIOLOGY, 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


RADIATION PROTECTION AND SoMATIC EFFeEcts 
INTRODUCTION 


This statement is concerned primarily with that part of the forth- 
coming hearings of the Joint Committee on Atomic Energy devoted 
to the question: “What are the basic concepts underlying radiation 
protection criteria?” In preparing the statement I have drawn in 
part upon ideas developed in a report of an ad hoc committee, of which 
I was a member, of the National Committee on Radiation Protection. 
This report, entitled “Somatic Radiation Dose for the General Popu- 
lation,” was made public on February 19 of this year.’ 

Thanks to the untiring efforts of our National Committee on Ra- 
diation Protection, and the International Commission on Radiological 
Protection, many sound principles and standards of protection have 
been devised for individuals occupationally exposed to ionizing rad- 
iation. In recent years rapid developments in the field of atomic 
energy have compelled these committees to direct their efforts toward 
solving the still more difficult problem of devising acceptable stand- 
ards for the general population. Since this problem vitally concerns 
the health and economy of the entire Nation, it is particularly fitting 
that it is being brought under congressional review at this time. 


METHODS OF APPROACH 


The apprcech to developing a practical protection program for the 


individual occupationally exposed to radiation has centered around 
the adoption and enforcement of a “maximum permissible dose” 
(MPD) of radiation. Since the setting up of a warning sign, in this 
case the MPD, tends to deter individuals from taking unnecessary 
risks the dose to the average individual should tend to remain below 
the MPD. That this approach can be quite successful in the radiation 
field is indicated in a report ? to the Congress by the Atomic Energy 
Commission. It calls attention to the fact that for many years op- 
erating standards in installations under AEC contract have been such 
that the average exposure dose to radiation workers has remained far 
below the occupational MPD. 

Since the above approach has proved successful in page ra- 
diation workers it has seemed desirable to continue to use it, with ap- 
propriate modification, to develop a protection program for the gen- 
eral population. Much will have been accomplished if it can be made 
clear that the purpose underlying the setting up of a population MPD 
is, as with the occupational MPD, to prevent unnecessary exposure of 
the individual to radiation. The fact that a dose from some man-made 

1 Science 131: 482-486 (1960). 

2 Twenty-first Semiannual Report of the Atomic Energy Commission, January 1957. 
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source of radiation is well below the MPD does not in itself constitute 
justification for exposing the population to that source. Rather the 
first question that arises is: Is exposure from that source necessary ? 
If the answer is yes, we are led logically to inquire how the risks, if 
any, from such an exposure compare with the expected gains. The 
problem of evaluating the risk and of attaching a specific numerical 
value to the population MPD are related to one another and will be 
considered next. 

When radiation standards were first being developed for occupa- 
tional exposure it was taken as axiomatic that there would be a thresh- 
old dose for the induction of any somatic effect. The threshold dose 
was taken as that dose below which no injury had been seen in ex- 
posed individuals. In some situations the occupational MPD was set 
at only one-tenth of the presumed threshold dose to add an extra mar- 
gin of safety. Stated in another way, as long as a worker did not ex- 
ceed the MPD there was, on the threshold hypothesis, no possibility of 
his suffering any ill effects from the exposure. As more information 
became available the assumed threshold dose level had to be pushed 
lower and lower and this has been one of the factors contributing to 
the lowering of the MPD over the years. 

A new approach to the problem of setting maximum permissible 
limits for somatic tissues of the body is recommended in the ad hoc 
committee report cited above. That report urges that for the pur- 
poses of setting up standards of protection for the general population 
the assumption be made that the somatic effects of ionizing radiation 
may in some instances be directly proportional to the accumulated 
dose of radiation even at very low doses. In making this recom- 
mendation the committee stressed that this is clearly an unproved as- 
sumption. The reason for making it was to have a premise which “if 
in error, would be likely to overestimate the effect of low doses rather 
than underestimate it.”* One of the consequences of such an ap- 
proach is to place the somatic effects of radiation on very much the 
same footing as the “germinal” or “genetic” effects. In the latter case 
it will be remembered that the possibility of a direct proportionality 
between dose and effect has been recognized for some time and this 
was one of the reasons for keeping the MPD to the gonads below that 


to the rest. of the body. Another consequence stressed by the ad hoc 
committee is that— 


on this assumption, or any other nonthresheld assumption, it follows that even 
the smallest dose is associated with some risk. Under these circumstances, the 
exposure of the population to any increase in radiation should not occur unless 
there is reason to expect some compensatory benefits.‘ 


The ad hoc committee report also suggests a new approach to the 
problem of attaching an actual value to the population MPD. The 
Suggestion is to relate it to the natural background dose. Even 
though the latter dose varies from place to place, nevertheless the 
average annual dose from all natural (as opposed to manmade) 
sources is in the neighborhood of 100 milirem to most body organs. 
Although it was not the responsibility of the ad-hoc committee to de- 


termine an exact level for the MPD to the population, the committee 
Suggested that— 
LL 


iP. 483 of reference in footnote 1. 
Pp. 485-486 of reference in footnote 1. 
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the population permissible somatic dose from manmade radiations, excluding 
medical and dental sources, should not be larger than that due to natural back- 
ground radiation, without a careful examination of the reasons for, and the 
expected benefits to society from, a larger dose.’ 

The reason for recommending that the population MPD be related 
to the natural background dose is stated as follows: 

The further we get from this level, the less confidence we have that any effects 
will be similar in kind and quantity to those the population has experienced from 
natural background radiation and has been able to tolerate in the past.® 
This method of examining the actual value to be placed on the MPD 
is not wholly satisfactory but it is felt to be more satisfactory than 
other methods that. were considered. In particular, as discussed be- 
low, it should be realized that on the above assumption that somatic 
(and germinal) defects arise in direct proportion to the dose, a sizable 
fraction of such defects in the population may be produced by the 
natural background radiation. 


EVALUATING THE RISKS 


I believe it is essential to try to make scientific estimates of the per- 
centage increase in somatic injury that might be expected to arise if 
a given MPD were reached\and maintained. The philosophy behind 
making rough estimates of this kind and the significance to be at- 
tached to them have been elaborated in detail by the Committee on 
Genetic Effects of Atomic Energy. I think it is important to call 
attention to the exact wording of part of that discussion : 


It seems necessary to emphasize this matter of approximate estimation, so 
that no one will improperly conclude that a statement is unreliable because it 
involves a range of values. On the contrary, such a statement, when made in 
a situation like the present one, should be viewed as all the more dependable 
precisely because it does not pretend to an unwarranted accuracy." 

As far as human beings are concerned the only extensive data ayail- 
able for making an estimate of the risk of somatic damage following 
radiation is that on the incidence of leukemia following chronic or 
acute irradiation or relatively high dose rates.* Therefore estimates 
will be confined to this example. On the assumption that this par- 
ticular somatic effect arises in direct proportion to the accumulated 
dose, it can be estimated that the natural background radiation dose 
rate (of about 100 milirem per year) may well account for 10 percent 
of the natural incidence of this disease. 

This estimate, even when extrapolating on the assumption of direct 
proportionality, may still be off by a factor of two or three in either 
direction. If the general population were to reach and maintain the 
current maximum permissible dose rate to the relevant somatic tissues 
(1.5 rem per year) then at equilibrium one might expect to see the 
incidence of this disease more than double; that is, rise from 10,000 
deaths per year at the present time to about 25,000 deaths per year, 
assuming no increase in population size. This is such a sizable in- 
crease that it alone is a compelling reason for trying to maintain the 
average dose received by the Sobtihatian as far below such an MPD as 


5 P. 486 of reference in footnote 1. 

®P. 484 of reference in footnote 1. 
‘ 7™Summary Reports, “The Biological Effects of Atomic Radiation,’’ NAS—NRC, Wash- 
ngton 1956. 

8 See, for example, reviews in Science 125, 965 (1957) ; and Report of the United Nations 
Scientific Committee on the Effects of Atomic Radiation, New York, 1958. 
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possible. If the MPD for manmade radiation sources is chosen as 
equal to 100 millirem per year (the arbitrary value suggested for the 
natural background dose rate) then we would under the same set of 
assumptions expect to have roughly a ten percent increase in the 
natural incidence of leukemia. Again, because this would represent a 
sizable number of affected individuals (roughly 1,000) per year at 
current population levels, it would be a very considerable price to pay 
for the added radiation exposure. So again, even at this lowered 
MPD there are compelling reasons for keeping the average dose well 
below the maximum permissible one. a these calculations 
are, of course, for only one somatic effect. There are other malignan- 
cies which are known to be capable of radiation induction at high doses 
so that it is prudent to assume that they might also be increased by 
levels as low as the nautral background levels. 

Estimates based on the assumption of direct proportionality or 
“linearity” between dose and effect are sometimes said to be the “most 
pessimistic” ones that can be made. This is a misconception since 
there are a number of plausible, but not very likely, models which 
would give higher estimates of damage than would the assumption of 
linearity. 

Attempts to make numerical estimates of somatic damage, such as 
those above, are frequently criticized on the grounds that if the risk 
should prove tobe less than predicted an exaggerated fear of radiation 
is generated in the public’s mind. On the other hand, failure to make 
such estimates is likely to create an irrational fear; namely, our 
ignorance is so great that the risk may be far greater than is admitted. 


CONCLUSIONS 


The adoption and enforcement of “maximum permissible doses” 
(MPD) of manmade radiation are practical means of keeping down 
unnnecessary irradiation of the individual. To evaluate the long- 
term somatic risks which might be associated with reaching and 
maintaining radiation levels currently in use or being considered as 
MPD’s for the general population, it is prudent to assume that there 
is a directly proportional relation between dose and effect. When 
such MPD’s are evaluated in this way it is found that they could re- 
sult in sizable numbers of individuals being adversely affected an- 
nually. In such circumstances, it becomes essential to exert effort to 


keep the average dose to the population as far below the “maximum 
permissible” one as possible. 





STATEMENT BY AUSTIN M. BRUES, M.D. 


Director, Division of Biological and Medical Research 
Argonne National Laboratory, Argonne, III. 


I have been given the privilege of submitting a statement on 
the basic biological concepts underlying our thinking in the development j 
of criteria and standards of radiation protection. In doing this I 
shall draw heavily on some comments I prepared over two years ago for 
a symposium of the American Association for the Advancement of Science, 
in which the matter was discussed by a number of scientific and 
public authorities including the Chairman of this Subcommittee, 
Mr. Holifield. I am submitting a copy of my own comments at that 
symposium for the use of the Subcommittee. 

As I think many other witnesses will tell you, the standard 


values for “permissible” occupational exposure have been lowered 


progressively over the past few years. These are levels designed 


for the protection of those persons--originally limited to 
radiologists and radium workers--to whom radiation is a particular and 
unique radiation hazard. These levels were based on their current 
knowledge of the minimum levels at which damaging effects were known 
to occur, divided by a factor of safety of 10, to allow for uncertainty 


factors. 
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I would say that on any criteria, the exposure levels regarded 


as "permissible' even in the nineteen-thirties, still appear to 


have been adequate for the protection of these groups to the extent 

that industrially exposed groups generally are protected against 

their special hazards. It is doubtful that the increase in leukemia 

among radiologists would have been so soon noted in another exposed 

group. The total of additional cases resulting from the practice of 

radiology amounts only to a handful (not more than 15 or 20), and this 

is in a highly specialized group of persons, sensitive to medical diagnoses 

and prone to discuss one another's diseases. The medical profession, 

indeed, publishes most causes of death in the obituaries in its 

national journal, and consequently can be much better informed of its 

own occupational hazards than it can in the case of other occupations. 
A very important fact that we tend to forget is that we know 

a great deal more about radiation than about any other occupational 

or environmental hazard leading to late or occasional bad results, such 

as cancer. Take, for example, benzpyrene. This is a chemical substance 

which was shown by Hieger and Kennaway in the early 1930's to be 

a powerful agent for producing cancer in mice. It is produced in 

fairly large quantities (in terms of its cancer-producing potency) in 

the combustion of petroleum, can be measured in the air of our large 

cities, and settles on our window sills in easily measurable amounts. 


Yet no experimental work has been done with this substance, attempting 
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to evaluate its hazard in low doses, which compares with the 
admittedly inadequate work that has been done in trying to evaluate 
radioactive strontium and several other radioelements. The 

records show that we have given chronic treatment with strontium-90 
alone in our own laboratory, to five or ten times as many dogs as 
have been treated with benzpyrene in the whole history of chemical 
cancer research. Investigators of radiation have a very good 

idea of radiation effects on the cell; of the action of benzpyrene 
and its chemical cousins on the cell we have almost no knowledge 

at all. 

We may quite properly ask ourselves whether radiation is 
something so radically different in its action from other noxious 
agents that we must use different criteria in evaluating it. Quite 
frankly we don't know, and the chief reason why we don't know is our 
lack of the same detailed information about other hazards -- 
chemical and dietary hazards in particular -- which we have about 
radiation. 

An underlying question of great importance, which the medical 
profession is beginning to ask, is how many of our diseases, particularly 
the chronic ones, are man-made. We are faced with virtual epidemics 
of lung cancer and coronary heart disease, both of which are almost 
certainly to a large extent man-made, although we have no agreement 
as to the toxic or dietary factors involved in this situation and 


no notion -- or even very much interest -- as to whether certain 
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individuals may very rarely be affected by small amounts of these 
factors. 

I would like to look a little more deeply into the 
matter of the use of certain popular words in connection with 
radiation injury, including injury by radioactive elements such 
as strontium-90. The first is the word "“threshold."' This word 
has always implied to me that a certain amount of damage is 
definitely and completely recoverable. A second is the word 
“linearity'' which implies that each amount of radiation produces a 
directly proportional hazard of some damage -- be it cancer, Leukemia, 
or life-shortening. 

The idea has been popularized that one or the other of these 
conditions has to exist. To me, it is essentially a foolish and 
unscientific procedure to choose the first two hypothetical guesses 
that come to mind, and to set them off against each other. Unfortunately 


this is the way a great many people have been trained to think; they 


find it very difficult to encompass more than one conflict of concept 


at atime. Even many scientists find it convenient to test 
one theory at a time. This is all right provided it is used as 
a guide for further theory; it is fallacious when it is 
done for the sake of decision-making. 

Actually, there may be no ‘threshold for chronic radiation 
effects in the true sense, and yet the true picture may conform 


very closely to it. I have implied this in previous testimony and 
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publications. Quite lately, Dr. Burch of Leeds, England, has come 
up with a definite, third hypothesis, backed up by data on leukemia 

and cancer and by basic scientific considerations, yielding 

a "two-hit'' theory. While this theory, like the others, is still 

a little too simple for my likes, it would suggest that the number of 
leukemias produced by small amounts of radiation may be real but 
extremely small. I think that our concepts would be a little more 
realistic if we were to drop the word ‘threshold altogether when it 

is a word that is used as the alternative to the "linearity" hypothesis, 

Another word that is bandied about rather freely is ‘“safe.' 

This is a word that is encompassed by the pure ‘threshold'' idea. One 
does not have to look around a great deal at the circumstances of 
civilized living to find that nothing that is worth while is absolutely 
safe. I will admit that once you qualify this word <- by saying 
something like ‘reasonably safe'' -- you are in trouble. Yet 

we consider air travel as reasonably safe, but not safe in the 
absolute sense. We should probably take the same attitude towards 
radiation hazards, but for curious psychological reasons people have 
not been inclined to do so. 

The silat as to the balancing of benefit against risk is an 
important one in this field as it is in many similar fields of 
toxicology, but is outside the scope of my discussion here. Let me 
say, however, that this is basic to all criteria and standards. Present 


information seems to be quite adequate for establishing criteria useful 
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for the small, specially exposed groups, including as well persons 
who are exposed to radiologic procedures in the practice of medicine 
where the calculated risk must always be acknowledged; in fact, much 
of medicine deals with judgements of this sort. Where we lack enough 
information is in the matter of smaller exposures to large populations. 
Information is being gathered here, but at a slower rate than it is 
possible to ask questions. The ways to achieve further critical 
information are expensive and difficult, but reasonable efforts 

should be made to do this. I say "reasonable" because I feel strongly 
that we must avoid starting work on such a large scale that it 

will draw needed effort away from other important studies to protect 
mankind from other hazards, just because radiation occupies the 
limelight at present. If we were to rob medicine and engineering 

of talents needed to evaluate automobile safety devices, to reduce the 
toll from lung cancer, coronary disease, and viruses, to cite a 

few examples, we should be doing a disservice. If we were to steal 
talent away from taking the broad view of genetics and cancer 

research we might, indeed, be doing a disservice to the very goal of 
ensuring safety against radiation; for, as I have said many times, our 
ultimate knowledge will come through a full understanding of these 
things and not from experiments and surveys which seem to bear 


more directly on radiation hazards alone. 
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Nevertheless, there are direct lines of work that should be 
encouraged. Some of these are on the drawing boards at my own and 
other Laboratories. 

1. We need much more information about the chronic effects, 
on large animals, of a great number of radioactive isotopes and 
forms of external radiation. A great deal of the information on 
which permissible levels is based, stems from small experiments done 
at random by many scattered scientists. We have undertaken a project 
involving 500 dogs, just now being implemented, to gain the most 
urgently needed data. 

2. Much more information can feasibly be acquired as to the 
exact relationship between radiation doses and cancer. While such 
diverse authorities as M. P. Finkel and Linus Pauling (as well as 
myself) agree that an animal experiment to test the effects of 
fallout levels directly is a total impossibility, nevertheless 
we have plans well drawn up to look for the relations between dose 
and deleterian effects using units of about 20,000 mice rather than 
the 1000 or so devoted in the past to such types of work. This might 
help very materially in choosing between some of the current hypotheses. 

3. Studies of populations exposed to natural radiation background 
at different levels have been discussed at some length at earlier 
hearings. Recent experiences of Mr. Harry Auerbach and myself with 


the limited objective of measuring the true incidence of bone tumors 
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in the state of Illinois, are showing us quite clearly that the vital 
statistics ordinarily and routinely collected and summarized, are more 
or less useless for this purpose owing to gross inaccuracies in the 
raw data. This is a situation that will have to be rectified -- and 
there are many ways to do this -- before this approach can bear fruit. 

Let me finally underline the fact that final, decisive answers 
will more than likely lean most heavily on our understanding of the 
origin of cancer and on the nature of the aging process. This 


understanding is the responsibility of scientists within many agencies 


oriented perhaps to their own particular problems and missions, but 


in the final analysis toward finding ways of getting at the 


roots of the most elusive areas of medical research today. 
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Somatic Effects 


AUSTIN M. BRUES* 


Division of Biological and Medical Research, 
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r 

L, HE text of that part of my discussion which may look like 
a sermon may be taken from a little book by Wendell Johnson, 
and runs to the effect that a fool is one who knows nothing but 
answers—while the wise man knows what the questions are 
(1956). 

It is perhaps not generally recognized that, as a result of cur- 
rent scientific interest in all aspects of radiation biology, some 
serious questions are being asked—with respect to the effects of 
very small amounts of a noxious agent—which do not appear to 
be wholly answerable in the near future, have no true parallel in 
toxicology, and in a sense represent a departure from past think- 
ing. 

The present unanswerability of these questions lies in the fact 
that they ask, in addition to empirical data, for a basic under- 
standing of the aging process and of the common denominator, or 
denominators, of the carcinogenic equation, which we simply do 
not have and must develop techniques and modes of thought to 
answer. 

The theoretical approach to these things is being tried, and 
gives hope that a true theoretical branch of biology may be 
within our grasp. In contrast to present day theoretical physics, 
it has at present a Newtonian simplicity of fundamental concept. 
Its failure to come more rapidly to fruition has a number of 
roots: the essential, and nearly indivisible, complexity and inter- 


* Work performed under the auspices of the U. S. Atomic Energy Commis- 
sion. 


418 














RADIATION PROTECTION CRITERIA AND STANDARDS 


419 


action of many processes; the inaccessibility of many semirefined 
theoretical treatments to empirical testing; and perhaps not 
least, the reluctance of the biologist—and of his sponsors—to 
embark on costly and protracted experimentation for the deter- 
mination of scanty but decisive data. 

Geneticists have perhaps been fortunate in that their basic 
material exists in the form of single cells containing single molec- 
ular determining factors which have only a small measure of 
interaction, and in that the general rules can be studied in small 
organisms of which enormous numbers can be reared to produce 
data of high statistical refinement. We are witnessing, at the 
present time, a movement in the direction of testing the beauti- 
fully simple concepts of genetic change against the much greater 
complexity and adjustability of somatic changes in multicellular 
organisms. It is most important at this time that points of view 
be closely and understandingly shared between biologists in such 
fields as physiology, pathology, and genetics. 

Much of the present confusion about somatic effects of low- 
level irradiation has a natural historical basis. The mere fact that 
a tolerable or permissible dose has been asked for has suggested 
that there may or ought to be a real threshold for damaging 
effects; indeed, this has been generally assumed in toxicology as 
a whole. The moment it is suggested that the threshold may not 
exist, we find ourselves in a totally new situation. We must now 
make our judgments as to the propriety of an exposure on a basis 
of calculated risk, by using an equation many of whose constants 
are unknown, and even (as I hope to show) whose form is not 
established. In developing this, it will appear that we are forced 
to formulate similar questions about many of the other hazards 
of everyday life. 

The basic question in regard to somatic effects is the extent to 
Which we are concerned with hazards which, if they exist, cannot 
a be demonstrated to exist because they are relatively so 
small, 


This is not exactly an analog of the uncertainty principle in 
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physics. The point here is not necessarily that the act of observa- 
tion disturbs the thing being observed, so much as that other 
factors which we have not been able to control create a noise 
above which the phenomenon cannot be heard. The practical 
result is in analogy, then, to what is taking place in physics: we | 
now ask ourselves questions which necessitate instruments of a 
magnitude or experiments of an extent not formerly considered in 
the armamentarium; also a.more careful use of the theoretical 
approach (and I would emphasize that this is opposed to specu- 
lative or interpretive thinking). We must have better data, more 
kinds of data, and a sounder appreciation of what the data may 
really mean. 

Here is where the practical man—the doctor or health physicist 
—tends to clash with the theoretical man. The practical man is 
asked and expected to give an answer before adequate data are 
present. The adjectives that are to modify this answer are such 
as “safe,” “permissible,” or “tolerable,” and are always such as 
to satisfy a human, social, or ethical requirement. This is an 
unpredictable and sometimes rapidly shifting context and is 
colored by man’s basic insecurities and anxieties. It is and must 
be unscientific, the more so when it gets into the area of low-dose 
effects, where at once one becomes confused as to whether the 
question is whether anything happens, whether anything detect- 
able happens, or whether anything “intolerable” happens. 

It may not be surprising that recent questioning of the low 
dose somatic radiation effects has come largely from geneticists. 
This is not so much because genetics gives us a fairly reasonable 
conviction that certain effects follow a straight line, as that it is 
in the field of genetics that we find it is possible for certain things 
not to be detectable, yet to have serious results. Thus, although 
immediate genetic effects at Hiroshima and Nagasaki were ul- 
detectable or nearly so, we have some reason to believe that the 
sort of recessive mutations produced there might, if produced om 
a sufficiently large scale, result eventually in very serious com 
sequences to mankind as a whole. This aspect of the dominant 
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recessive relationship in genetics, which protects us from seeing 
many effects immediately, must indeed lead us to a very con- 
servative approach to the problems to which such a situation may 
apply. In somatic effects, this applies particularly to those things 
which do not happen immediately, or which happen to a very 
small part of the population: effects on longevity, or tumors. 

I will limit my discussion of “low-dose” effects to the effects 
occurring at a level where certainty is at a minimum, to try to 
explain why we know so little, and possibly what might be done 
about it. 

In order to make predictions as to what rare or slight effects 
may occur within this area of uncertainty, we must have some 
idea as to what type of quantitative relation exists between dose 
and effect. This implies that the effect is one that can be given an 
unequivocal number, like the average or median time of death of 
a group of animals, or the proportional number developing tu- 
mors, or (since these observations get into an inconvenient num- 
ber of dimensions and thus out of hand) the rates at which these 
things are estimated to occur. 

Having established such a simple, quantitative measure of the 
effect, we test it against dose in order to see what the relation is 
at levels where the effect can be validly measured. We may then 
hope to extrapolate this into the unknown area empirically or 
from our rationalization as to what sort of function describes 
what we see. Certain likely relationships would be as follows: 

1. There is a true threshold, a dose below which no effect 
occurs. This is rationalized through assuming that a certain 
degree of general malfunction or disorderliness must be produced 
before the effect can occur. As a special deviation from this there 
may be a relative threshold, above which the effect is very much 
more likely to occur. Such responses are generally familiar to 
physiologists and pharmacologists. 

2. The effect is essentially a linear one, each equal increment 
in dose yielding an equal increment in response. Its rationaliza- 
lion is epitomized by the word “hit”—each hit produces one such 
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response, or perhaps more strictly, a given probability of a visible 
response. This is familiar to the geneticist as the mechanism of 
the point mutation. While the genetic fact has not actually been 
established by experiment in the low-dose range (below 25 r, to 
be exact), it is amply justified by much else that we know about 
the nature of mutations, as well as by the additional fact that in 
many cases the rate at which the dose is administered appears to 
have no relation to the response. 

3. The response is a curvilinear one in which it accelerates 
with increasing dose. This will, in general effect, be intermediate 
between the first two. It may be rationalized in ways too many 
to enumerate here. In a simple instance, two hits may be required 
to occur, perhaps within certain limits of space and time; in this 
case the effect rises as the square of the dose and is likely to 
decline where the dose rate is slow. If we measure death rate 
against the lapse of time—we call this “aging”—we find, after 
some obvious extraneous factors are allowed out, a rather strictly 
exponential relation. Something like this is also seen where the 
rate of development of tumors is measured against time: the well- 
known increasing susceptibility of the aged to tumors. Here, how- 
ever, in spite of the great mass of available data, we cannot be 
certain whether the relation is best described as exponential or as 
a power function, since we are perforce looking at a small part of 
the projected curve, and we do not know enough about tumor 
genesis to construct a very reliable working hypothesis. 

4. To make the story a little less incomplete, I will include the 
possibility of a reverse curve, one in which the effect becomes 
saturated. This occurs, of course, at high radiation doses where 
hits become so numerous that many are wasted. To take quite a 
different example, you see something of the sort in allergic re 
sponse, where a single pollen grain may do a greater proportion 
of the damage than several will do—also, a killed cell cannot 
respond in any case. The fact that low radiation dosages are 
always with us suggests that small increments are not likely t0 
act in this way; however, while we must discard this mechanism 
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from further discussion owing to lack of evidence, it should not 
be forgotten. ‘ 

Since linear theories of radiation effects on aging and on tumors 
have had prominence recently, I shall base the following discus- 
sion on them. Certainly, they afford us the most conservative rea- 
sonable approach to the practical problems of protection, even as 
they put the decision-maker squarely on the spot of facing up to 
a tremendously complicated mass of ethical, social, and scientific 
considerations. 

The two serious somatic effects of radiation at moderate levels, 
which, it is thought, might have a linear relation to dose even at 
low levels, are the induction of neoplasms and shortening of the 
life span. It has been suggested that both of these phenomena 
might be results of mutations of somatic cells, quite analogous to 
genetic mutations in germinal cells. 

As regards induction of cancer and allied states, this is a very 
tempting hypothesis, since it can explain in a simple way the 
appearance de novo, as it were, of a new type of cell bearing some 
resemblance to those of the parent tissue, but with the new char- 
acteristic of proliferating with “autonomy” or indifference to 
the ill-understood rules determining proper behavior of tissue 
cells, The somatic mutation as the origin of cancer was suggested 
as long ago as 1919 by R. C. Whitman; it was early appreciated 
by H. J. Muller, who, in his classical paper on artificial transmu- 
tation of the gene (1928) suggested that x-ray cancer might have 
4 mutational basis. It has been dealt with from diverse points of 
view by such thoughtful investigators as L. S. Strong, J. C. Mot- 
tram, Francis Carter Wood and W. F. Dunning, and more recent 
students of ascites tumors and isolated cell cultures. It has been 
given consideration by most of those who have gained fairly pre- 
cise quantitative data on carcinogenic responses. Attempts have 
been made, as often as not unsuccessful, to correlate the carci- 
hogenicity with the mutagenicity of various agents. 

Before going into experimental data, 1 should like to mention, 
‘na purely theoretical basis, some thoughts previously developed 
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which make the pristine somatic mutation theory a little difficult 
to manage. Let me introduce my proposition by pointing out some 
marked similarities and differences between mice and men. The 
two species have remarkably similar tumor incidences, within 
their respective life spans, as indicated by the fact that in well- 
tended colonies of each, the proportions dying of the various types 
of tumors is constant within less than an order of magnitude. 
Their responses to radiation, in the form of cancer, are also quite 
comparable. Yet the mouse lives between 40 and %o as long as 
man, and has no more than about 4000 as many cells of any 
given type. If cancer is due to a single somatic mutation (which 
implies that a single hit on any one of a vast number of cells may 
determine a unit response), we are forced to conclude that man’s 
cells are less susceptible to this sort of deleterious response by 
something like a factor of 100,000. If we insert a theoretical cor- 
rection factor that the two species have an equivalent mutation 
rate per generation rather than per year, we are still off by a 
factor of at least 1000. This is illustrated in Table I with con- 


TABLE I 


Estimation of relative mutation rates for 
leukemia based on somatic point-mutation 
theory 





Man 

Number of proliferating 

myeloid cells 1011 107 
Leukemia rate per roentgen 

per year 10-6 10-4 

total 10-5 10-4 
Cell mutation rate 

per year 10-17 10-11 
total 10-16 10-11 


stants that have been assumed on the basis of estimates from 
various experimental data. 
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Other possible explanations may be given to cover up this dis- 
crepancy between the species. One is that the carcinogenic re- 
sponse is a power function (just as spontaneous cancer may well 
be a power function of time) implying that a number of sepa- 
rate random events have to take place. If this required number 
were, Say, two more in man than in the mouse, this would explain 
the difference but would give a very curved line relating dose to 
effect. The other—that the tumor prefers to arise in an aging or 
otherwise disorganized tissue—would agree with the parallelism 
of age and cancer susceptibility and would suggest a rationale for 
some sort of near threshold. 

Support for the latter view is gained from the fact that many 
tumors are seen experimentally to arise through mechanisms that 
are quite indirect; thus, lymphatic leukemia and like tumors, 
which are induced very readily in mice by x rays, are prevented 
by administering bone marrow cells or by shielding a small part 
of the body, measures which alleviate the overall damage to the 
blood-forming system. The idea of arresting the process at some 
stage before the sick tissue develops irreversibly into a tumor is 
intriguing many students of the disease at the present time. 

It might further be mentioned that few, if any, direct experi- 
ments on carcinogenic effects of any agents have shown or even 
clearly suggested a linear relation to dose. The studies of Upton 
and colleagues (1954) on leukemia in irradiated mice show that 
itis clearly not so in one form of leukemia, but may be (based on 
very small numbers) in another. It is noted from the data shown, 
that one control group showed no myeloid leukemias at all— 
something which emphasizes the wanton variability of such bio- 
logical data. 

Another theoretical objection to the linear theory is that dose 
tate has very important influence. The data on beta ray cancer of 
the skin obtained some years ago at Oak Ridge (Raper, 1947, 
1951) show very clearly that by protracting the dose, an enor- 
mously larger dose is required to produce tumors. In ultraviolet 
light exposures, on the other hand (where a mutation might be 
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presumed to exist), Blum (1950) has found it necessary to expose | 
his animals repeatedly to get any tumors at all; and then it is 
the induction time, rather than the number of tumors, that de- 

pends on dose. 

To pass now to the human evidence on leukemia production by 
radiation, may I make it clear that large doses of radiation are 
well known to be leukemogenic; in fact, the leukemia rate in 
physicians practicing radiology is several times higher than in 
other physicians. In this case, we do not know what sort of aver- | 
age dose radiologists as a whole have received, let alone anything 
about individual dosages (Warren, 1956). 

Studies have been made of leukemia following irradiation of the 
thymus in infancy (Simpson, Hempelmann, and Fuller, 1955). 
Since the purpose of the radiation was to produce an involution 
of the thymus, this has no direct bearing, probably, on the low- 
dose question. 

Two studies offer an opportunity to look at the dose-effect rela- 
tionship. The most detailed is the study of Court-Brown and Doll 
(1957) of leukemia in men previously irradiated over the spine 
for spondylitis. Although they have no cases following really low 
doses, the dosage spread is great enough to allow a curve to be 
drawn. Plotting the incidences against either the total-body or the 
spinal dose, we see a markedly curved relationship. By excluding 
a number of cases who received x ray extraspinally in addition to 
spinally, however, they find a relationship which can be described 
as linear. It seems here that the data may be given various inter- 
pretations. The authors favor a linear relation, but only as 2 
“working hypothesis.” 

Leukemias occurring in various areas of Hiroshima and Nag# 
saki have shown a marked increase in those persons exposed close 
to the hypocenter (Wald, 1958). Unfortunately, the data so far 
available have been given in broad, 500-meter sectors, where the 
dosage range is very large. The critical area is that from 1500 
2000 meters, where nine cases occurred. Figure 1 shows the e& 
tremely great variation in dose within this sector. It is noted that 
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DISTANCE 


Fic. 1. Distribution of cases of leukemia occurring in Hiroshima and 
Nagasaki (solid circles) by age and distance from the hypo- 
center; and relation of radiation dose (rads) to distance in 
meters (continuous line). (Based on préliminary data.) 


the ages at which leukemia occurs are lower in the areas where 
radiation is an important factor. It is also found that a very high 
proportion of the leukemia cases in this afea had reported initial 
severe radiation complaints, and this suggests that perhaps this 
group received higher doses than was usual in the area. 

A study that gives a great deal of promise of important infor- 
mation on low-dose effects is that of Dr. Alice Stewart (1956), 
who is in the process of completing a sufvey of all children under 
10 having leukemia and cancer in England and Wales during a 
3-year period. Preliminary reports indicate that antenatal radiog- 
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raphy (presumably mostly pelvimetric measurement by x ray, 
practiced on a little less than 10% of cases) is followed by an 
increase in the probability of developing childhood leukemia or 
cancer. Although the increment is a small one, so are the radiation 
dosages presumed to have been encountered. These data provide 
a very useful addition to our small body of established informa- 
tion on low dosage effects. 

Much of this information is summarized in Fig. 2, which isa 


INDUCED == RADIOLOGISTS 
@ A-BOMB SURVIVORS 
@ X-RAYED INFANTS 
ieee © X-RAYED ADULTS 


PER 1000 
MILLION 
PERSONS 500 
PER 7 


YEAR ‘00 
0 1000 


500 
RADIATION DOSE (rem) 


Fic. 2. Relation between annual incidence of induced human leuke- 
mia and radiation dose. (From Lewis, op. cit., 1957.) 


graph based on one made by E. B. Lewis (1957), in which it was 
shown that in the range 200-1000 r the data on leukemia induc- 
tion lie suggestively on a straight line. To show most readily the 
conformity of alternative hypotheses the data have been trams- 
formed to a logarithmic scale and additional lines have been 
drawn, one hypothecating a threshold at 50 r and the other 4 
square-of-dose relation (Fig. 3). A few corrections of the original 
data as used by Lewis have been made on the basis of subsequent 
information. 

Of course, it is not a new discovery that various lines may be 
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Data from Fig. 2 plotted on logarithmic grid. Lines are 
drawn to fit the data on the assumptions that leukemia 
incidence (1) is linear with dose; (2) varies as the square of 
the dose; (3) is linear with dose above a 50-rad threshold. 









drawn through a few uncertain points. I think, however, that we 
are in a state where we may profit most by having a number of 
alternative hypotheses to test. I very much fear that it has been 
under the pressure of the practical that many of us who ought to 
know better—and certainly I have been among them—have 
tended to“cling to a satisfactory enough formula and have then 
forgotten to think the whole problem through. I think that schol- 
arship in science is too precious a thing to abandon in the rush of 
events in this way. 

For lack of..time, I will not say a great deal about longevity 
except to point out that here is a rather similar situation, in that 
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we are looking at very small differences caused by small amounts 
of radiation and trying to make inferences as to what will happen 
as a result of amounts even smaller: such small amounts have, in 
a number of “classical” experiments, produced rather surprising 
results that are not in concert with theory. We have here a great 
deal to worry about. 

Work of this sort is inordinately expensive if we are to ap- 
proach the matter directly. It has already cost a great deal (in 
the coin of the biologist, although not in that of the physicist) to 
do the experiments that have yielded data on mouse longevity 
down to a positive response at about one rad per day, say 300 
times the natural radiation background. 

Another approach is that of developing better theory, perhaps 
considered in the frames of reference of various fields of biological 
sclence—trying to construct good ideas and then mold them into 
such form that they may be critically tested. We have, for exam- 
ple, the mutational theory of the development of leukemia and} 
cancer; with some changes and modifications of current theory 
we may eventually reach a rational basis for extrapolation. In the 
case of aging we know perhaps even less. Some of us have been 
thinking that aging itself might be the accumulation of more ani 
more changes in somatic cells—like mutations or broken chromo 
somes—up to the point where the cells lose viability. This is still 
a complicated problem, for example if we consider that the dele: 
terious effect on the life span that is increasingly seen is the 
deposition of fatty material in the vascular system. Changes it 
collagen, too, do not seem to be related to mutational mechanisms, 
although the process could be in some way similar. We must pre 
ceed carefully and try to make sense in as careful, sound, al 
imaginative way as possibly we can. % 

Much material still is to be gleaned from studies of large hi- 
man populations. We know, for example, that there is great vat 
ation from place to place in the general radiation background aml 
in the type of background (as in radioactive skeletal deposits). 
In these matters the “noise” of variable vital statistical data gt 
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in our way. This introduces a whole host of problems for the 
future, especially since in the future, judging from recent interest 
in low-level radiation, we are bound to become increasingly con- 


cerned with all sorts of slight, but perhaps critical, noxious stim- 
uli. 
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Introduction 


A. M. BRUES 


Division of Biological and Medical Research, 
Argonne National Laboratory, Lemont, Illinois 


Le THE first part of this symposium the papers described the | 
present state of knowledge in the very timely field of low-level | 
radiation effects—discussed what some of the approaches are, 
what the present status of research is, and how investigators are 
viewing the problem. This part will be on a somewhat broader 
level, for it contains papers by some individuals who see the 
problem of the effects of low-level irradiation not simply from the 
standpoint of the scientific investigator, trying to think up ques- 
tions which are sensible to answer, but from the standpoints of 
persons whose responsibilities require that they make decisions 
based in part on a scientific background and in part on many other 
problems related to it. The related problems, here, are those of 
public health, public information, public decisions, and the phi- 
losophy of science itself. This part will demonstrate how thorny 
some of these problems are. 
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Summary and Conclusions 


AUSTIN M. BRUES 


I, IS difficult to make a synthesis of this symposium. It was 
not one that revealed striking new facts or theories. As indicated 
in the introduction, the several speakers were allowed freedom to 
treat whatever aspect of the effects of low-dose radiation fell 
within their fields of competence. This has resulted in a document 
which, while it may lack continuity, indicates in a very revealing 
way the attitudes and the problems of persons in very diverse re- 
lations to society, but all thoughtful persons of influence. 

The first two papers reflect different emphasis because of the 
nature of their topics. Dr. Dudley, whose assignment was to dis- 
cuss man’s radiation background, accordingly dealt mainly with 
natural, cosmic, and elemental radiation and with radiological 
exposures, by far the major components; and Dr. Machta, as a 
meteorologist, discussed mainly fallout from weapons tests and 
the extrapolation of this to the military employment of weapons. 
Two other important subtopics, namely the routes whereby 
globally deposited radioactivity reaches its depot in man and the 
meteorological aspects of reactor effluents and reactor accidents, 
were therefore discussed only by implication. The reader must 
recognize that these, too, are important areas of future research. 

Dr. Green and the editor approached the problem from the 
standpoint of the nature, solubility, and pertinence of the ques- 
tions being asked about low-level radiation effects. It appears that 
we both concluded that while direct experimentation may sharpen 
our knowledge somewhat, only an accumulation of basic informa- 
tion in the so far experimentally inaccessible areas of population 
genetics, carcinogenesis, and senescence would finally solve the 
implied practical problems. We also lent emphasis to the fact that 


433 





434 RADIATION PROTECTION CRITERIA AND STANDARDS 


a balancing of benefits or a calculation of risks must be carried 


out, since even if low-level irradiation should be intrinsically | 


harmful, exposures are usually incurred to accomplish some, more 
or less measurable, benefit. 

Against this scientifically and factually indefinite background, 
those who spoke on the implications limited themselves in general 
to their own particular areas. Dr. Price gave a wise analysis of 
the responsibilities of public health organizations in relation to 
radiation, but said little about the fallout problem. Mr. Snider, on 
the other hand, gave a penetrating analysis of the public relations 
problems in this area, and was evidently oriented in the main to 
the fallout question. This talk was oriented mainly to the equat- 
ing of the two-valued question—whether or not radiation is harm- 
ful—and in this way served to point up a major problem existing 
at present: the extent to which a many-valued scientific investi- 
gator can express himself in the media that are oriented to a 
popular two-valued ethic. 

Mr. Holifield presented, perhaps, the most balanced paper of 
the series. Quite nonpartisan in its nature, it discussed freely the 
problems arising in the legal and legislative area. Dr. Churchman 
concluded with a novel approach to the dilemma of the scientist 
drawn into a discussion of a subject having political implications. 
He said, in effect, that the proper province of science is to per- 
petuate itself—he left open many questions, chief among which is 
whether the scientist should pursue a line of investigation that 
might bring discredit on scientists as a whole. 


* * * 


During the months intervening since this symposium was held, 
an additional body of information and opinion has accumulated. 
None of this material appears to alter in any important respect 
the conclusions of the symposium. 

The United Nations Scientific Committee on the Effects of 
Atomic Radiation issued a report (1958) on the status of this 
subject. This Committee was constituted by thé General As 
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sembly and is composed of delegates from 15 nations, The report 
covers essentially the same subjects as appear here, with the addi- 
tion of a chapter concisely summarizing basic radiation biology; 
in addition there are annexes—some voluminous—to each of the 
chapters. Of particular note are calculations of mean radiation 
dosages to the bone marrow and gonads of man and tabulations 
of data on human radiation injury and genetics. Under the 
stimulus of the United Nations Committee there has been a 
worldwide broadening of interest in radiation biology and of 
measurements of the natural and artificial radiation background. 
The World Health Organization and other agencies of the United 
Nations have shown an increased activity in this area; WHO has 
issued the report of a symposium on the Effect of Radiation on 
Human Heredity (1957), and has explored the nature and origin 
of emotional responses to radiation and their possible impact on 
the peaceful uses of atomic energy (1958). In 1959 the Sub- 
committee on Radiation of the Joint Congressional Committee on 
Atomic Energy under the chairmanship of Mr. Holifield held 
further hearings to update the detailed information given in its 
1957 report and publication of this more recent testimony is to be 
anticipated shortly. 

Along with further measurements of the natural radiation 
background there has been some amplification of studies to de- 
termine whether geographical variations are related to any de- 
terminable variations in disease patterns. The approach to this 
through examination of populations exposed to different levels of 
tadium has been outlined by Marinelli (1958). Public concern 
about radiation has given rise to an enlivened interest in the 
difficult field of geographic pathology. There has also been in- 
creased activity in studies of populations subjected to radiologic 
procedures. 

Since the symposium there has been a gradual increase in the 
tadiation background from global fallout. This increase has 
sharpened since October 1958, at which time some weapons tests 
appear to have been held at a high latitude. This is attributed to 
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an increased rate of clearance of contamination from the strat- 
osphere at such latitudes, bearing out a prediction by Machta 
(p. 33). 

As pointed out by Dudley (p. 7), while major attention has 
been given to fission product irradiation resulting from fallout, 
power generation by nuclear fission is equally important as a 
potential source. The one striking instance of widespread con- 
tamination from a reactor mishap occurred at Windscale just be- 
fore the symposium, and resulted in the confiscation of certain 
milk supplies. This accident and the resulting contamination 
were described in detail by Dunster e¢ al. (1958) in the Proceed- | 
ings of the Second United Nations International Conference on 
the Peaceful Uses of Atomic Energy. These volumes are a rich 
and recent source of further information on radiation biology 
and radiological physics. 
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The Radium-226 Standard (0.1 microgram) for Bone-seekers 


Robley D. Evans, Professor of Physics 
and 


Robert A. Dudley, Research Associate 


Massachusetts Institute of Technology 
20 April 1960 


The "Refiium-226 Standard", namely 0.1 microgram of radium-226 
retained i the human skeleton, is based on direct observations on 
human beangs. As & directly measured value, it involves no as- 
sumptions whatsoever concerning RBE, nonuniform distribution, 
retention, nor species ratios. 

The Radium-226 Standard is therefore the basic or Primary 
Standard for the chronic effects on humans of bone-seeking radio- 
nuclides. There are no comparable data on the biological effects 
on humans of any other internal emitter. The presumed chronic 
effects on humans of strontium-90, plutonium-239, and other bone- 
seekers can be based on estimates of their effectiveness relative 
to radium-226. Such estimates can be made either experimentally, -- 
by measuring their relative chronic effectiveness in experimental 
animals such as the beagle dog, or theoretically,-- by calculating 
& presumed equivalent radiation dose. In such a calculation 
estimates are required of the effects of RBE, nonuniform distribu- 
tion, and retention pattern in case these parameters have different 
values for radium-226 and for the bone~-seeker in question, say 
strontium-90,. 

The present experimental basis of the Radium-226 Standard of 
0.1 microgram includes the following observations. Detailed 
medical, radiographic, and physical studies have been made in 
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several research laboratories on a total of about 500 persons 
who have carried various amounts of radium or radium-plus- 

mesothorium in their bones for approximately 35 years. These 
persons, if living, are now mostly between 50 and 70 years of 


age. If their present radium burden, or pure-radium-equivalent 


(PRE) burden when mesothorium is involved, is 0.1 microgram of 


radium-226 or less, there is no case in which any significant 
symptom or sign of a possible radiation effect is observed. 

In contrast, if the residual radium burden, some 35 years 
after its acquisition, is about ten-fold greater, that is about 
1.0 microgram or greater, then some individuals do have symptoms 
and signs which seem clearly attributable to the chronic radiation 
insult to which their bones have been subjected. These symptoms 
include discomfort due to necrosis and bone destruction especially 
in joints, pathological fractures, bone tumors, and tumors of the 
paranasal or the mastoid sinuses. The signs, or conditions whicl 
are not apparent to the person but which are demonstrable by 
radiography or other laboratory procedures, include occasional 
coarsening of trabeculation, osteoporosis, aseptic necrosis, and 
changes in the density or structure of individual haversian systems 
in the bone,as seen by microradiographic examination of bone 
Samples. No anemia, leukemia, or other blood dyscrasia has been 
demonstrated in the chronic radium and mesothorium cases which 
have been examined 10 to 48 years after exposure at M.I.T. (about 
250 of the 500 cases), even though the residual body burdens have 
been as high as 23 micrograms of radiun. 


In general the incidence and the severity of the symptoms and 
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signs increases with increasing residual body burden above about 






1.0 microgram. In the domain between about 0.5 and 1.0 microgram 
there are a few instances of symptoms of injury, but the domain 
from 0.1 to about 0.5 microgram appears to involve no unequivocal 
case with symptoms attributable to radiation. 
In general, symptoms occur at burdens which are appreciably 
higher than those at which minimal signs can be detected by present 
techniques. 


The Radium-226 Standard includes a large safety factor and is 










a conservative standard for individuals. The largest contribution 
to the safety factor arises from the time of application of the 
standard relative to the time of exposure. In applying the 
Radium-226 Standard to the protection of individuals it is custom- 









ary to require that the permissible body burden never exceed 0.1 
microgram of radium-226 or its equivalent of some other bone- 









seeker. This is very much more conservative than requiring that 

some 55 years after termination of the exposure, the residual body 
burden should not exceed the equivalent of 0.1 microgram of 
radium-226. 





Yet the standard is based on measurements of the 


residual burden, not the initial burden, nor the maximum burden 







reached over an extended period of exposure. The curve of radium 







retention-vs.-time in the human is not unequivocally established, 
but the power-function relationship, 1/252 where t is the time 
in days, proposed by Norris, Speckman, and Gustafson in 1955 is 


commonly used. 






Then 0.1 microgram at 35 years corresponds to the 
residual retention of an earlier burden of 0.6 microgram at 1 year 


after exposure, or 2.3 micrograms at 1 month after an acute ex- 
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posure. Thus, when the 0.1 microgram standard is applied with 
respect to initial burdens, rather than terminal burdens, a 
safety factor of the order of a factor of 20 or more is probably 
involved. If it were also presumed that the 0.1 microgram value 
is unrealistically low, and that symptoms of radiation injury will 
continue to be observed only with 35-year residual burdens of 
about 0.5 microgram or more, then the over-all safety factor in 
the Radium-226 Standard might be as large as a factor of 100 when 
the standard is applied to initial or maximum burdens, rather 
than to terminal burdens. 

The average skeletal radiation dose rate due to 0.1 microgram 
of radium-226 in 7000 grams of bone is about 0.010 rad/day or 
3.7 rads/year. If this 0.1 microgram is the residue 35 years 


after exposure, and the retention had been proportional to 1/+°-5 


as discussed earlier, then the average skeletal radiation dose 
accumulated over the 35-year period can be shown to be about 190 
rads. -This corresponds to a dose rate of (2.3/0.1) x 0.010 = 
0.230 rad/day at 1 month after exposure, (0.6/0.1) x 0.010 = 
0.060 rad/day 1 year after exposure, 0.010 rad/day 35 years after 
exposure, and a mean dose rate of 190/35 = 5.4 rads/year averaged 
over the 35-year interval. These are average dose rates, and 

the "hot spots" or areas of greatest deposition in 
the bone will have experienced much larger doses, perhaps by a 
factor of 10 to 100. When this effect of nonuniform distribution, 
and the effect cf the RBE of alpha radiation is taken into ac- 
count, the local hot spot doses, which apply to only about 1 per- 
cent of the total bone, or 70 grams, and which produce no detectable 
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effect in humans, are considerably larger than the conventional 


0.3 rem/week or 15 remjyear of the so-called MPD for partial body, 









or 5 remyfyear for whole body exposure. The MPD is, however, based 





on an entirely different concept, namely that of protecting against 



































M genetic effects, shortening of life span, etc., which may be caused 
by a dose of external radiation to which the whole body is uni- 
formly exposed. The MPD concept is thus not directly applicable 

? to the local irradiation of small volumes of nongenetic skeletal 
tissue by bone~seeking radionuclides. At best the MPD is an in- 
direct, independent, order-of-magnitude estimate for bone-seekers 

which is entirely wmrelated to the experimentally determined 
Radium-226 Standard. 

The major area in which knowledge is lacking is that of the 

7 effect-vs.-dose relationship. Although no symptoms or signs have 
been observed in humans with less than about 0.5 to 0.1 microgram 

J of radium about 35 years after exposure, the 500 cases studied so 
far are quite insufficient to establish whether the effect~vs.- 
dose relationship for these exposures has a true threshold, or is 

oe quadratic, linear, or log-normal. When the Radium-226 Standard 

d is applied to 100 million people, rather than to a few thousand, 
the shape of the response curve at low doses is obviously very 

D important. 

It is hoped that some enlightenment will be obtained from each 
oD, of three approaches: (1) continuing observations on as many human 
cases as can be located in the irreplaceable and limited reservoir 
er~ for the direct study of changes produced by chronic radiation in 
stable 


humans, (2) measurements now in progress on dogs and other experi- 


mental animals, and (3) theoretical and experimental studies of 
fundamental radiobiological mechanisms. 





Comments on the Present Biological Standard for Strontium-90 
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Derived from the Effects of Radium in Man” 


William B. Looney, M.D., Ph.D. 
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Introduction 
In 1957 a summary of the effects of radium in man was 
presented to the Joint Congressional Committee on Atomic 
Energy hearings on "The Nature of Radioactive Fallout and 
its Effect on a Some of the more important unknowns 


in our present knowledge were given. Additional information 


about some of the factors which might permit raising the present 


mpc” for radium (0.1 micrograms) as well as the factors which 
might necessitate lowering the present MPC for radium were 
discussed. 

The original MPC of O.1 micrograms of radium was made in 
1941 by the National Bureau of Standards on the basis of major 
clinical damage (i.e., bone tumors). The data was derived from 
seven individuals who had had from 0.02 to 0.5 micrograms of 
radium in their bodies for periods ranging from 7 to 25 years 
and who had no observed changes referable to the deposition of 
radioactive materials. However, death attributable to the 
effects of radium occurred in patients having as little as 1.2 
micrograms of radium, thus the MPC was set at 0.1 micrograms, 
which incorporated a safety factor of 12, 3) 

Following the 1957 hearings a more extensive evaluation 
of our knowledge of the effects of radium in man was carried 
out. It was also possible to discuss this matter with scientists 


in England and Sweden as well as in the United States. As a 


* MPC - Maximum Permissible Concentration in the body or 


maximum permissible body burden. 
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result of these more extensive inquiries and discussions a 


3) 


: ( 
report was published in Science in 1958. It was pointed 


out that it was reassuring that it had not been necessary 
to lower the present MPC of radium since it was originally 
established in 1941. However, such factors were presented 
which led to the suggestion that consideration might be 
given to the possibility of lowering the present MPC of 0.1 
microgram of radium until information became available on the 
effects of radium in man for at least one normal life span. 
The primary reasons were as follows: 
1. The present information on the reliability of the 
MPC of 0.1 microgram of radium in the body is in- 
conclusive. 
No information on the effects of radium in man 
retained in concentrations at or near the present 
MPC for a period longer than 40 years is available. 
The roentgenograph, the most sensitive clinical 
means at present for detecting skeletal damage, is 
an inadequate method for detecting histopathological 
changes. 
Studies on large groups of luminous dial workers are being 
carried out in Connecticut, New Jersey and Illinois. This 
will undoubtedly give additional valuable information in re- 
gard to the reliability of the present MPC for radium. Annual 
reports by the Radioactivity Center, Massachusetts Institute 


of Technology, in 1958 and 19594) (5) indicate that no major 
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clinical damage or tumor formation had occurred in these 
patients with radium burdens at or below the present MPC. 

The majority of the patients given in the MIT reports 
had radium concentrations one-tenth or less of the present 
radium MPc. People having one-tenth or less the MPC of 
radium had no detectable changes attributable to the deposited 
radium. A study of much larger numbers of patients having 
between one-fifth the present MPC to five times the MPC for 
radium would be very desirable in obtaining a more reliable 
value for the present MPC. The fact that no major clinical 
damage has occurred at 0.7 microcuries of radium or less adds 
additional evidence that the estimates based on our present 
information are realistic. 

It is also pointed out in the MIT reports that the pos- 
sibility of patients who might have died from small amounts 
of radium or who had bone tumors could not be excluded. It 
is obvious that following these people throughout their life 
span and determining the cause of death will greatly enhance 


our knowledge of the effects of radium in man. 


II. Effects of Radium in Man 
(a) Skeletal Changes in Radium Patients 
(1) Skeletal Damage without Symptoms 
Autoradiographic, roentgenographic, radiochemical 
and histopathological studies were carried out on bone speci- 
mens of radium patients in an attempt to obtain a better under- 


standing of the mechanism by which radium deposited in bone 
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produced destructive changes and bone Guacte.*?? High con- 


centrations of radium were usually found in a small percentage 







of the haversian systems. There was a lack of correlation 





between the deposited radium and destructive bone changes in 









a large number of instances. This demonstrated the extreme 
difficulty of trying to reconstruct a dynamic pathological 
process which had been going on for many years from the end 


results of the process. 





The skeletal roentgenographic changes 


characteristic of radium toxicity were found to be the result 







of either destructive changes in compact bone, such as in the 


shafts of long bones, or the abnormal attempt at bone formation 





in the trabecular bone at the ends of the long bones. The areas 


of destruction in compact bone were 3 to 6 times or more the 






diameters of the haversian systems, the anatomic unit of bone. 


These skeletal roentgenographic changes have been considered 






of little clinical significance; however, they may represent 


more extensive skeletal damage than has previously been realized. 






The skeletal roentgenograph is inadequate in detecting micro- 







scopic bone changes from radium. Since it is difficult to 
evaluate the status of bone under any circumstance, one is left 


with incomplete knowledge of what the effects of the small 














microscopic changes produced by radium actually mean. Since it 
would seem logical to assume that the microscopic changes occur 
before and at lower levels than the roentgenographic evidence 
of radium toxicity, it is likely that microscopic changes are 


occurring at or below the present MPC of radium. Characteristic 


54561 O—60——30 


448 RADIATION PROTECTION CRITERIA AND STANDARDS 


roentgenographic changes have been found in patients with as 
little as four times the present permissible body burden of 
radium. 

It should be emphasized that only a few patients with 
total body radium burdens between one-fifth the MPC and five 
times greater than the MPC are available for study. There- 
fore, the data from only a relatively small number of radium 
patients are available to make major decisions as to whether 
a certain MPC of a radioelement, such as strontium-90, are 


safe or permissible. 


(2) Major Skeletal Damage with Symptoms 

Approximately 20% of the 78 patients reported in 
Science in 1958 had had major clinical damage to the skeleton. 
The destructive changes usually occurred in the weight bear- 
ing bones of the body such as the hip. Necrosis of the head 
of the hip bone results in skeletal deformity and abnormal 
movements of the patients. The increased fragility of the 
bones of radium patients has also resulted in fractures from 
such minimal injury as pressure of the foot on the floor of 
a car when coming to a stop. As yet these major skeletal 
injuries have occurred in patients who have had 7 or more 
times the present MPC of radium in their bodies. 

It is generally recognized that fractures of the hip 

occur more frequently in older people. Some of these fractures 


are considered to be the result of diminished blood supply to 
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the bone while in others the etiology of the fracture is 

poorly understood. Additional information is needed on the 
incidence of these destructive changes in the hip as a function 
of age. Until more information becomes available on the nature 
and incidence of this condition in the general population, it 


is impossible to accurately assess the condition in the patients 


with radium. 


(bo) Lack of Correlation Between Radium MPC and Severity 


of Skeletal Damage. 

The lack of correlation between the amount of radium in 
the body and the clinical findings is shown by the fact that 
some patients having as much as 140 times the MPC of radium 
had no detectable clinical changes while others with as little 
as seven times the present MPC of radium had destructive changes 
of the hip. This finding suggests that other destructive pro- 
cesses of the bone acting in conjunction with radium will 
produce destructive changes at much ‘lower levels than radium 
acting alone. 

The MPC for radium has been used primarily in the past for 
setting the MPC for a relatively small group of people, e.g., 
industrial workers. When the MPC for radium is used indirectly 
to establish MPC's for other radioelements for large populations 
it introduces further complications. The possibility of other 
destructive effects on bone acting with the destructive effects 
of the radioelement increases. It becomes apparent that the 


probability is greater for one or more destructive agents to be 
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present in a large population, such as that of the United 
States, than in a small segment of the population working 
with irradiation. The MPC of a radioelement used for the 
general population is one-tenth of the MPC used industrially 


in order to allow for these possibilities. 


(c) Mesothorium and Radiothorium Contamination of Radium 
in Luminous Paint Used by Radium Dial Painters. 
Since mesothorium and radiothorium, as well as radium, 
were found in the luminous dial material, the possibility of 


these contaminants producing major damage after 30 - 40 years 


4 
in luminous dial painters has been recently seauotnatin’ )(5) 


In view of this possibility, the data from available patients, 
both luminous Gial workers and radium patients, were analyzed 
for the 1957 hearings to see if any major clinical differences 
could be shown in the radium patients and the luminous dial 
workers. The evaluation of these people at this time showed 
no significant difference between the luminous dial patients 
and patients given only radium medically, as to either roentgeno- 
graphic changes, major bone damage, or bone tumors. One of 
the major arguments as to the possibility of such contaminants 
as mesothorium making a major contribution to the skeletal 
changes is that its half life is 6.7 years as opposed to 1500 
years for radium. A major part of the irradiation from meso- 
thorium would be dissipated in bone over a relatively short 


period of time. 
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The question of this original damage in relation to the 
changes which are being seen 30 to 40 years later is at present 
not fully understood. It is evident that the radiation dose 
of radium shortly after administration or ingestion would be 
much greater than the radiation dose many years after adminis- 
tration or ingestion. Since 90 to 99 percent of the radium is 
eliminated in a relatively short period after administration, 
the question of the relation to late skeletal damage from this 
high initial dose either from radium alone or radium, meso- 
thorium, and radiothorium remains to be fully elucidated: Does 
the initial insult remain latent and eventually produce changes 
seen 30 to 40 years later, or is it possible that the changes 
produced initially are reversible and that the late skeletal 
changes found represent a different process? The available 
evidence of serial roentgenograms on a few radium patients 
indicate that the bone changes seen from radium deposition 
do not occur until years after the administration of radium. 
Once these changes begin to occur there appears to be a gradual 
progression of these changes in most instances. Whether these 
late changes are the result of a continuous insult to bone or 
whether they are the result of the initial injury from the high 
dose, or a combination of both, remains to be determined. The 
present findings on man would suggest that these late changes 
may be the end stage of a dynamic process which has been going 


on for many years. They suggest that over a long period of time 
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the reparative processes of bone are greater than the destruc- 


tive effects of radium. The combined effects of the radium 


and the degenerative processes of old age would become greater 


than the reparative processes with increasing age. Irreversible 
skeletal changes may occur as a result of this imbalance. If 
this is the mechanism by which the late skeletal changes are 
produced it would suggest that the initial insult either from 
mesothorium or radiothorium, or radium might not be as important 
as the proponents of major damage from mesothorium and radio- 


thorium propose. 


(ad) Bone Tumors in Radium Patients 

In the 1957 hearings a review of the bone tumors which 
have developed in people receiving either internal or external 
irradiation was made. There were approximately 50 patients 
in whom bone tumors developed following external irradiation 
and 50 patients in whom bone tumors developed following internal 
irradiation. \? From this evidence it would appear that large 
doses of irradiation in the order of 1000 to 2000 r is necessary 
to produce cancer. 

The fact that major bone disorganization seems to be an 
important part of the process of bone tumor formation may be 
misleading. This destruction, in other words, may be totally 
irrelevant to the actual mechanism by which tumors are produced 
following irradiation. The importance of knowing the mechanism 
by which irradiation produces cancer becomes apparent in any 


discussion of the correlation of concentrations of radioelements 


in the body with the induction of cancer. 
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Another important point is that following irradiation 
there is usually a long period between the administration 
of the irradiation or the radioelement and the production of 
tumors. This has been as long as 20 to 30 years in some in- 
stances in man. It has been found in animal experimentation 
that there is some correlation between the amount of irradiation 
or radioelement given and the period between administration 
and the induction of tumors. In animals with larger doses of 
irradiation the latent period is shorter than in animals in 
which smaller doses are given. 

Since we have no information on the effects of radium in 
man after approximately 40 - 45 years, tumors may eventually 
develop in the radium patients with concentrations at or below 
the present MPC for radium. It is also possible that the latent 
period for bone tumor induction in the patients with total body 
burdens at or near the present MPC may be longer than the life 
span for man. If this proves to be true bone tumors would not 
develop at or near the present MPC for radium. The answer to 
this question must await the results of the studies of the 


radium patients and luminous dial workers over their entire 


life span. 


III. The MPC for Strontium-90 Based on the MPC for Radium 
No information is available on the effects of strontium-90 
in man for long periods of time. Both radium and strontium-90 


when taken into the body are primarily deposited in bone. 
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Therefore, the information obtained from the effects of radium 
in man has been utilized to estimate the effects of strontium 

in man. There are two methods by which this information may 

be derived. One is to estimate the average radiation dose which 
will produce skeletal damage and bone tumors in man, and from 
this information estimate the average skeletal dose of strontiun- 


90 which might be expected to produce comparable changes. (This 


1 
method was used in the report for the 1957 neerange! ).) The 


other method is to indirectly estimate the effects of strontium 
in man by the determination of the relative toxicities of 
strontium and radium in animals. The MPC of strontium-90 was 
originally established in this manner. A value of 10 (in terms 
of body burden in microcuries) for the relative hazard of radium 
and strontium-90 was derived from mouse experiments, The MPC 
of strontium-90 (1 microcurie) for man was set at 10 times the 
MPC for radium (0.1 microcurie) based on the results of the 
mouse experiments (7), 

The method of directly relating the average radiation, dose 
of radium to strontium-90 is difficult because the type of ir- 
radiation from radium and strontium are different. The primary 
radiation dose from radium is from the alpha particle which has 
a much shorter range and greater ionizing ability than the longer 
ranged beta particles from strontium-90 with lower ionizing 


ability. It has been found, from acute experiments primarily, 
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that alpha particles are more effective in producing biological 


change than either beta particles or x-rays. The increased 


effectiveness of alpha particle irradiation is usually considered 
to be from one to ten times as effective as either beta par- 
ticles or x-rays. In most considerations the greater effective- 
ness of the alpha particles of radium has not been considered 

in the establishment of the MPC for strontium-90. This factor, 
as it was pointed out in the 1957 hearings, might eventually 
permit a raising of the strontium-90 level. 


One of the difficulties in using the empirical relation- 


ship between average radiation dose and biological damage was 


demonstrated in the combined autoradiographic and pathological 
studies of bone in the radium patients. It was shown that there 
was a lack of correlation between the total amount of radium 

in the body and skeletal damage. The results of these investi-. 
gations suggested that skeletally deposited radium initiated a 
sequence of events which eventually resulted in skeletal damage 
rather than damage being primarily from the direct effect of 
irradiation. A similar mechanism was suggested from the study 
of radium deposition in patients with bone tumors. The tumor 
seemed to develop in areas in which there was an abnormal attempt 
at bone formation. and these areas seem to be outside the range 
of the aigne particles. This would suggest that the radiation 
induces a sequence of events which results either in bone damage 
or bone tumors. Until we know more about the mechanism by which 


the deposited radioelements eventually result in either bone 
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damage or bone tumors it is difficult to see how the empirical 
method of correlating amounts of radioelements in the body with 
either clinical damage or tumors can. be used with great reliance, 
Another difficulty in using the data obtained from radium 
patients to establish the MPC for strontium-90 is that of the 
time and rate of deposition. Relatively high amounts of radium 
were given medically over a few weeks. The luminous dial patients 
were usually exposed to radium from a few months to a few years. 


Strontium-90 slowly incorporated into bone from fallout a 


period of number of years would probably have a more uniform 


distribution. The question arises as to the difference be- 
tween the effects of radiation to bone from small areas of 
high concentration from radium and the effects of radiation 
from strontium-90 more uniformly distributed throughout bone. 
Such problems as the effects of irradiation from radioelements 
deposited in small parts of the total bone volume in high con- 
centrations versus a more uniform distribution throughout bone 
will need further study before this problem is settled with any 
degree of confidence. 

The relative toxicities of radium and strontium derived 
from animal experimentation is primarily based on such major 
changes as bone tumors which developed in animals given radium 
and strontium. Since the bone structure of most animals used 
is different from that of man, one is hesitant to use the data 


derived from animal experiments to establish the MPC of radio- 
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elements for man. It was indicated in the previous discussion 
of the roentgenographic changes in the bones of radium patients 
that these lesions may be a more critical index than bone tumors 
for irradiation damage. It becomes apparent that it may not be 
entirely valid to compare the relative effects of strontium-90 
and radium on human bone based on the effects found on animal 
bone. 

These difficulties which have been stated above have led 
some British scientists to suggest that the radium standard be 
eliminated in attempts to establish an MPC for strontium-90. 

The conclusions of a report on radium and strontium MPC's are 
given below. 
"An examination of the evidence has shown that there is 


little justification for taking a value of 10 for the relative 


hazard of radium and strontium-90 in the calculation of maxi- 


mum permissible body burden for strontium-90. 

Considerations of radiation dosimetry in a case of non- 
uniform skeletal distribution of radium and of strontium-90 
indicates that a single value for ratio of hazard is unlikely 
to be of significance, since the ratio will change with pattern 
of distribution of isotope, which in turn will be dependent on 
age and conditions of intake of the radioactive material. 

Calculation of the maximum permissible body burden for 
radium on the basis of a given maximum permissible dosage-rate 
to bone gives a wide range of values, depending on the assump- 


tions made, particularly with regard to the value taken for 
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R.B.E. of alpha particles. 

When the maximum permissible body burden for strontium-90 
is calculated on the basis of maximum permissible dosage-rate 
the range of possible values is less than in the case of radium, 


This results from the long range of the beta particles from 


strontium-90 plus Wy compared with that of the radium alpha 


particle, so that a given non-uniformity of isotope distribution 
in bone will lead to a less severe non-uniformity of radiation 
dose with strontium-90 than with radium. 

It is suggested that radium be no longer taken as the 
basis for the calculation of maximum permissible body burden 
of strontium-90, which in future should be based on consideration 
of radiation dose in bone. Assuming a maximum permissible dosdee- 1 
rate of 300 m.rem/week, as had been assumed for other tissues, 
this would not lead to any very substantial change in the present 
value for strontium-90. However, with regard to radium the 
position is much less clear. Substantial revision of the value 
may be necessary and it may well be that a single value will 
not suffice, but the clinical evidence at the present time is 
very inadequate and the value derived from radiation dosimetry 
considerations can vary over wide limits, depending on the par- 
ticular assumptions made." 

An MPC for strontium-90 in man derived directly from 

the information on strontium-90 in animals would have some 


merit in that it would eliminate the difficulties of comparing 
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two radioelements with different physical characteristics. 
The major disadvantage of such a procedure would be that we 
have almost no information relative to man on strontium-90 
toxicity. 

The use of larger animals, such as monkeys and dogs, to 
compare relative toxicities of radium and strontium is another 
useful method for obtaining additional information about the 
relative toxicities of radium and strontium. These animals 
have a skeletal system more like man, and therefore, information 
derived from the relative toxicities should be more reliable 


than information based on the smaller animals, 
8) 


such as the rat 
and mouse ( 


IV. Summary and Conclusions 

A summary of the effects of radium in man has been given 
and the methods by which the data from radium in man are used 
to estimate an MPC for strontium-90. This report has confined 
itself primarily to the unknowns in regard to the basic mechan- 
ism by which radium produces either bone changes, major skeletal 
damage, or bone tumors in man. 

Most of the radiation standards in use today are based on 
the empirical relationship between total body burden of a radio- 
element and clinical damage as determined by clinical tests. 

The clinical methods available at present cannot properly evaluate 
Skeletal damage caused by irradiation. It is, therefore, con- 


Sidered that the inadequacy of our criteria for determining MPC's 


for radioelements and external irradiation is primarily the 


result of the lack of sensitivity of clinical tests to detect 
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damage. Comparison of radiation damage with damage from other 
toxic agents tends to confuse the basic problem of obtaining 
more sensitive methods for evaluating the effects of toxic 
agents and radiation to man. 

The problem of increasing the reliability of the strontium-% 
MPC, based on the radium MPC in man, rests to a large degree 
on a better understanding of the mechanism of the underlying 
processes by which skeletal damage and skeletal tumors are pro- 
duced by radiation. Studies of the radium patients throughout 
life are necessary for the determination of effects of radium 
in man over a normal life span. Any term such as safe or per- 
missible concentration of a radioelement for man implies that a 
certain body of knowledge is available which would indicate 
that below this level no or minimal damage would occur. Since 
knowledge of the effects of radium in man over a normal life 


time is incomplete, and since the mechanism by which irradiation 


produces bone tumors is unknown, it would not seem possible to 


state with great reliance that the present radium or strontium 


MPC is either safe or permissible. 
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CHAPTER 2. STATEMENT OF THE U.S. NAVAL RADIOLOGICAL 
DEFENSE LABORATORY 


1. Purpose 





























This statement aims to present the technical position of the U.S. 
Naval Radiological Defense Laboratory regarding the role radiation 
protection standards should play in assisting the application and 
development of nuclear technology. 

To this end, this statement covers the following points: 

(a) Sources of radiation exposure, and extrapolated growth; 

(6) Nature and use of radiation “‘standards”’ (criteria) ; 

(c) Application of the use of radiation protection criteria to 
routine and to special operations. 


2. FounpaTIon oF NRDL Experience 






For 14 years this Laboratory has been— 
(a) Investigating physical and biological effects (immediate 
and delayed) resulting from nuclear reactions. 
(6) Formulating criteria and evaluating standards (or propos- 
ing some) for estimation and limitation of these effects. 
(c) Developing countermeasures adapted to the exigencies of 
the applications of nuclear technology in war and peace. 
As a scientific institution whose entire energy is devoted to the 
urgent questions of learning how to live with the atom, the Laboratory 
aims to provide information useful for the development of policy. 
We do not presume to represent the official views on these matters of 
the on of Defense, Department of the Navy, Bureau of 
Ships, Bureau of Medicine and Surgery or any other agency with 
whom we are associated. Rather, it is our purpose to use the ex- 
perience we have gained during some 10 years of studying the military 
— arising from the development of nuclear weapons as the 
asis for analyzing the problems posed by the committee in its outline. 
As the committee has requested, major attention is being given 
environmental contamination from all peacetime operations including 
those associated with military preparedness. 


3A. Comments on Part 1 or tHe CommrrTer’s BacKGROUND 
STATEMENT 












The first question the committee wishes to consider is, ‘‘What is 
the stictical situation from a radiation protection point of view 
resulting from existing, and manmade sources of radiation in 
peacetime ?’’ 

One of the outstanding characteristics of civilization is the ability 
of man to divorce himself progressively from dependence on nature. 
n the process, the natural environment in which the human race has 
developed has been sharply modified. It is unthinkable that a modern 
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civilization will allow such modifications to proceed unhindered and 
ungoverned. As a part of this greater picture, manmade sources of | 
radiation are merely one class of things that contribute to the general 
alteration in our environment. We do, however, have practical ex- 
perience to prove not only that radiation in large amounts is a lethal 
agent, but also to prove that smaller amounts have deleterious effects 
on the persons irradiated and on the future well-being of the race, 
There are limits to human tolerance for modification of the environ- 
ment. Our modern civilization is quite capable of creating conditions 
exceeding these limits, and it is the purpose of radiological protection 
criteria to delineate the boundaries of unacceptable alterations of the 
environment. 

On the other hand, we cannot insist on zero alterations and zero 
risk in the development of a new industry which contributes immensely 
to man’s well-being, wealth, and power over his environment. Some 
degree of biological effect is associated with any exposure to ionizing 
radiation, and this effect must be accepted as inevitable. Since we 
don’t know that these effects can be completely recovered from, we 
have to fall back on an arbitrary decision about how much we will 
put up with; ie., what is: ‘acceptable’ or ‘“permissible’’—not 4 
scientific finding, but an administrative decision. 

Manmade radioactivity and its potentially deleterious consequences 
are a reality in our environment today and they will continue to bea 
reality in the future. We can only consider the quantities and con- 
dition which we may be willing to accept. The U.S. Naval Radio- 
logical Defense Laboratory draws a sharp distinction between what 
should be ‘“‘accepted’’, or “‘permitted’”’ and what can be ‘‘tolerated.” 


The former, as we have mentioned, decides a level of acceptable risk 
for long occupational or environmental exposure. This risk, for 
humanitarian and ethical reasons, must be mee: On the other 


hand, what we can “‘tolerate” (without succumbing) is essential knowl 
edge for conducting operations in wartime. It determines how much 
radiation, with the consequent latent or overt injury a commander 
will accept in view of the military exigencies. 

Another factor about our industrial civilization is its capacity for 
development. This is reflected in the rate at which such environ 
mental modifiers as manmade radioactivity can be changed. 

For example, the first cyclotron was built by E. O. Lawrence at 
the University of California early in the 1930’s. This type of machine 
now numbers in the hundreds. Modern machines are capable of 
accelerating nuclear particles to energies more than a thousand times 
greater than that which the original machine was capable of producing. 

As a second example, one might note that in 1945 the major sources 
of production of radioactive Sesints roducts in the United States 
were confined to operation at Oak Ridge and Hanford. There ® 
quite a contrast when one looks at the number of reactor plants operat 
ing in the world today and notes in the latest AEC annual report @ 
the Congress that some 93 projects are presently under development, 
construction, or installation in the fiscal year 1960 program. When 
one adds to this the program for aircraft nuclear propulsion, and § 
additional proposals as satellite nuclear auxiliary power units, plow 
share program (particularly Project Chariot), and the rapidly expand- 
ing use of isotopes in medicine, industry and education, it is clear 
that these devices are rapidly becoming an important integral part 
of modern society. 
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Each development and each source carries with it a potential for 
releasing manmade radioactivity into the environment. 

The most dramatic example is weapon testing. Tables 1 and 2 
are drawn for the committee’s summary-analysis for the May 1959 


thal hearings on testing of nuclear weapons. Instead of dealing with total 
fects kilotons, however, the tables have been adjusted to show as a base 
race, the number of kilotons which were detonated in the period of 1945 
ron- to 1951. The number of times this has been multiplied in the testing 


program in the subsequent periods is shown in brackets. It can be 
Satiy seen that the United States-United Kingdom program in 2 
ears 1952 to 1954, released 53 times as much radioactivity as had 

n released in the entire period of 1945 to 1951; the next year 13 
times as much, and the last year of testing 27 times as much as that 
first 6-year period. The corresponding table for the U.S.S.R. is even 
more dramatic—in each period the U.S.S.R. contribution was some 
7 or 8 times what it was in the next previous period. 








1955-1956 700 |X 13 ’ 
1957-1958 700 |X 27 19,000 


Note: Multipliers apply to total released prior to 1951. 


1945-1951 700 700 
1952-1954 700 3 37,000 
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lucing: 1945-195. 60 60 

ources 1952-1954 60 |X 8.3 500 

States 1955-1956 60 |X &3 X 8.0 4,000 

nere 18 1957-1958 60 |X 8&3 X 8.0X7 21,000 
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ae) Note: Multipliers apply to total released prior to 1951. 

ment, 

"whet : : 

d such Very few of us appreciate the fact that Shot Bravo of Operation 
- plow- Castle generated and injected into the environment quantities of 
xpand- tadioactivity equal to several hundred Hiroshima or N none seP 
clear Weapons. These quantities are no longer small in relationship to the 


capacity of the environment to absorb them. At the other end of the 
scale, all direct cycle reactors (cooled by air drawn directly over the 
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reactor core and discharged into the atmosphere) not only generate 
short-lived argon, which is usually considered controlling in the proe- 
ess; but they generate C by the same nuclear process by which this 
isotope is produced by nuclear explosions and by natural cosmic ra 
namely, shelteGits of neutrons by the nitrogen of the air. Since C% 
with its 5,000-year half-life, is a nearly permanent addition to the 
environment, it is quite obvious that the very existence of such 
machines has set in motion a permanent change in the C content 
and will continue to do so as long as such machines exist. The testi- 
mony at the May 1959 hearings indicated that production of C™ from 
all weapon tests to date was sufficient to increase the pretest back- 
ground by approximately 1 percent. Relative to the quantities of C" 
produced by nuclear weapons detonation, the reactor cooling contribu- 
tion is small; but eventually, many such small contributions will 
become a significant factor in environmental pollution. 

The second point to be emphasized is that frequency and continuity 
in production of radiating materials is exceedingly important in | 
establishing relevance to normal processes of living. For example, 
both the May 1959 hearings on weapon testing and the 1957 hearings 
on radioective fallout indicated that short-lived isotopes such 4s 
iodine 131, barium 140, and so forth, could become dominant factors 
at certain combinations of yield and frequency of release. Since such 
materials are not confined to generation by weapons, but can also be 
generated by one or a combination of devices employed for peaceful 
uses of nuclear fission, the requirement to evaluate, not only in terms 
of quantity, but also in terms of times and frequency, appears. It 
follows that a moratorium on weapon testing will not eliminate the 
problem of environmental radioactivity. As in the example of 4 
“clean” weapon versus a “dirty” weapon, the problem may be changed, 
but it is not solved. 


3B. ComMENTs ON Part 2 oF THE CoMMITTEE’s BACKGROUND 
STATEMENT 


THE PLACE OF RADIATION PROTECTION STANDARDS 


NRDL perceives that the policies and standards for radiation pro- 
tection have to serve two purposes: (a) preservation of the health of 
employees and the public at large; (6) preservation of the opportunities 
for economic and social advancement that present a uniquely promis 
ing future for this Nation. The demands of preparedness to resist 
aggression may often make the two purposes competitive. In such 
cases, decision cannot rest on susdiea Ghd nuclear science alone, 
must involve value judgments. Standards should therefore be 
equipped with administratively acceptable means for their relaxation 
in necessary circumstances. Such action should only be taken thought 
fully, with understanding of the consequences in terms of possible 
chances. The standards should be firm enough to protect the popula 
tion from inadvertent risks to personal health and the genetic future. 

It is necessary to say inadvertent, because every use of radiation 
at all carries some risk of injury. We can only demand that the risk 
be quantitatively appreciated and, for usual conditions, judged to be 
negligible. For unusual conditions, the known human tolerance must 
promise that the injury will not exceed what the situation warrants. 
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The function of MPD and MPC is to provide a guide for safe 
conduct under conditions which could be quite dangerous. Radiation 
protection standards do not define the danger; rather, they define the 
path by which the danger can be avoided. To lift them from their 
proper context compromises all the general and special rules of conduct 
on which their use depends. Such principles and values are not unique 
to nuclear industry, but we wish to quote some examples from this, 
our particular field of interest, taken from ‘Industrial Radioactive 
Waste Disposal:”’ (1) Never work in a radiation area without knowing 
what the radiation level is; (2) never risk direct contact with radio- 
active materials. 

Rules of conduct such as these are quite comparable to such rules 
as no smoking around gasoline tanks, don’t pass a car on a blind curve, 
don’t disconnect an electrical fixture with wet hands, and so forth. 
In the case of dangers inherent in the distribution and use of elec- 
tricity, we have technical and construction practices which normally 
make the possibility of exposure to such threats quite minimal. These 
are reflected in the various building and electrical codes governing 
wiring. installation, and so forth. All of these reflect rules of conduct 
by which people control their actions to avoid one or another of the 
multiplicity of dangers with which we have surrounded ourselves. 

The MPC’s which define limits of radioactive materials in various 
parts of the industrial environment are in effect the basis of the inspec- 
tion system by which the performance of the nuclear installation is 
judged. To this extent, their use is quite comparable to the visual 
inspection made by the building inspector of an electrical installation 
in a building or home. 


THE CLASSES OF STANDARDS 


The radiation protection constitution —Ewvery person is entitled to 
freedom from avoidable irradiation. 

This means that those persons who use radiation shall be obliged to 
prevent the exposure of others, at least in any amount that produces 
perceptible injury. 

_This has been the ideal of the national and international commis- 
sions and is reflected in their handbooks. It is the principle that runs 
all through the operations of the AEC (and the Manhattan District 
before it) and is enjoined upon those who obtain radiating materials 
from AEC (witness title 10 of the Federal Register). Thanks to this 
policy, the agencies and contractors under AEC have shown a low 
industrial accident rate that is unparalleled in modern heavy industry. 
he complete containment sphere around power reactors is the most 
visible evidence of the continued pursuit of this ideal. 

Within the framework of this basic “Radiation Protection Con- 


stitution,”’ three separate classes of exposure criteria (standards) have 
been developed. 


Class 1. Primary standards 


. The eteinty standard of radiation protection is not in terms of 
Injury because that is to be kept unobservable. It is in terms of 
absorbed dose (energy transferred per gram irradiated) in the human 

y. The magnitude of the primary standard is set well below that 
expected to produce any change that the irradiated person will be 
aware of, or that can be observed on medical examination. The 
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vulnerability is different for the several tissues and organs. The 
standard sets the permissible limit for those organs known to be most 
radiosensitive. It is then presumed that the person irradiated is 
protected from injury in both sensitive and insensitive parts. 

When large numbers of persons are exposed to radiation, it is not 
sufficient to assure no perceptible effect on the ones irradiated. The 
genetic effects on the progeny must also be taken account of. The 
standard must be set in terms of the average gonadal dose accumulated 
to the end of the child-bearing period (not the individual dose). 

The chosen magnitude of the primary standard (the maximum per- 
missible dose): The MPD set by the NCRP and ICRP for presumptive 
or possible exposure of the entire body is 3 rem per quarter, but not to 
accumulate above (N—18)X5 rem, where N is the age in years, 
(Significant exposure is not to begin before age 18.) 


Class 2. Derived standards 


Despite the fact that the primary judgment depends on actual dose 
received by the body, this often cannot be measured directly. Con- 
sequently, a whole class of auxiliary standards which relate to indus- 
trial and environmental conditions which can be measured have been 
derived in such a way that the primary standards of dose rate and of 
accumulated dose will not be exceeded. Of course, there have to be 
as many derived standards of this type as there are nuclear threats 
for which judgment has to be exercised. This is especially evident 
when dealing with internally-deposited emitters. Consequently, 


tables have been computed and published giving the permissible con- 
centration in air and water for the radioactive isotopes of all important 
elements, for short-time and long-time consumption. The total tn 

8 


missible quantity in the body is also stated. The values of the M 

are related to known or presumed biological pathways and biological 
residence times as well as to the physical properties of the isotope and 
its radiations. 


Class 3. Working standards 


There are many practical conditions where the radiation level and 
the level of radioactive materials is well above natural background 
(and the NCRP standards), but for which the primary requirement 
of limiting exposure of people can be met by simple operational pre- 
cautions. NRDL set up a training program for members of the ship’s 
crews participating in Operations Castle, Wigwam, Redwing, and 
Hardtack. The Laboratory found it quite practicable to introduce & 
condition, which we called “standard clearance,’ to care for such situ- 
ations as are shown in figure 1. The conditions implied by the 
“standard clearance’ are that contamination levels exist for which the 
associated external radiation threat is below the recommended NCRP 
standards, but that the surface contamination of materials (e.g., ships 
deck, etc.) is greater than that recommended by the NCRP standard 
for such conditions in laboratories. The most practical answer to this 
condition is the introduction of simple precautionary practices for 
living in this environment. This is an old problem in laboratories 
using radioactive materials and has been well solved for this environ- 
ment. For the ships, a good example is provided by the YAG’s 39 
and 40, which were experimental ships specifically employed under 
maximum fallout conditions and thus they became “controlled are 
in which Navy operations could be practiced under such limitations 
and precautions. 
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As another example, the Air Force Special Weapons Center, when 
faced with the problem of decontaminating aircraft used in connection 
with the weapon test operations, encountered essentially the same 
situation. The aircraft were contaminated at levels above NCRP 
standards. By the provision of simple precautionary methods in the 
cleaning and servicing of the aircraft, all proper safety requirements 
for protection of the personnel could be met completely. By checking 
the result of their operations against the subsequent measurements on 
personnel and relating these to initial levels on aircraft, they derived 
a set of ‘‘working standards” suitable to this particular operation. It 
should be noted that neither of these conditions (the NRDL standard 
clearance or the special AFSWC aircraft standard) is dealt with by 
NCRP or ICRP. However, both are quite practical and are totally 
in keeping with the principles of proper radiation protection. 

There is a very basic distinction between this class of “working 
standards” and the fundamental philosophy of MPC’s, etc. as estab- 
lished by the NCRP. The primary purpose of the NCRP environ- 
mental standards is to lead users of radiating machines and materials 
to avoid operations that will endanger people. By contrast, the 
working standards cited in this discussion deal with a hazardous con- 
dition already inflicted, and are concerned entirely with the processes 
by which people cope with that hazardous environment. 

These are specific examples of classes of standards, one of which is 
designed to hold down the magnitude of a potential threat, while the 
other is designed to live successfully in spite of the presence of a threat, 
Using a simple analogy, the MPC’s recommended by the NCRP 
have the characteristics of building codes whereas the working stand- 
ards as used by NRDL and AFSWC have the attribute of providing 
the judgment of whether or not your hand is dry enough to pull the 
= on =" electrical fixture. The two are related, but are far from 
identical. 


4. Concepts oF APPLICATION OF ExposuRE CRITERIA 


The evaluation of the radiation hazard and the decision on what 
action to take properly varies with the circumstances, particularly 
any other (competing) hazards present, the availability and cost of 
countermeasures, the possibility of escape and the reasons for being 
present. Policy must be adapted to whet is possible and plans for 
action must be flexible. 


POLICY EMBODIED IN THE MAXIMUM PERMISSIBLE DOSE 


The various extra governmental regulatory bodies (International 
Commission on Radiation Protection, National Committee on Radis- 
tion Protection) have affirmed that three classes of biological injury 
are significant in the field of radiation protection. For moderate of 
small exposures (single, repeated or enduring), they designate two 
classes of injury, namely, genetic (injuring the race) and somatit 
(injuring the individual). These groups do not attempt guidarce 
the military field, where the acute radiation syndrome becomes % 
critical consideration. 

The genetic effect of radiation is related to the induction of mutt 
tions in germinal tissues of the individual exposed. These events 
happen with a certain probability related to dose; but since the effect 
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is expressed only in future generations, the relevant effect is injury 
to the race and justifies a “population standard.” A concept of 
‘Tisk’’ is not to be associated with a radiation-induced genetic dam- 
age, as the frequency of occurrence in a large irradiated population is 
a certainty related to man-years of exposure. The criterion of accept- 
ance is: What will we tolerate in terms of increased mutations? Since 
the population suffers the damage and the eventual expression of 
damage is not related to the individual exposed, no personal or small 
group significance can be attached to exposure doses controlled on the 
genetic basis. 

For radiation threats to the people as a whole generated by pro- 
grams such as weapon testing, the genetic effect is considered to be 
the dominant feature on which the potential hazard of the pr is 
evaluated. From the standpoint at nstianal policy affecting the pro- 

ams involving radiation, NRDL believes that such a position is, 
in fact, correct. That is to say, the somatic risk to an individual as 
a result of genetically significant exposure doses is inconsequential. 

The risk of somatic injuries to the person exposed is truly a risk in 
the actuarial sense and is to be interpreted as the increased probability 
that an individual exposed will develop a deleterious response. The 
probabilities of injury may be applied to a group in the sense that if 
the individual’s risk is increased by 1:100,000, then the population 
incidence of such an event will be increased by 1 in 100,000. It is 
important to realize that acceptability of a given somatic risk is 
based on the increased probability that an individual will develop the 
deleterious response, and it is not based on the size of the population 
at risk. It is significant to note that the MPD’s recommended by 
the International Commission on Radiation Protection and the 
National Committee on Radiation Protection emphasize their applica- 
bility to the individual. 

We are not, at this time, in a position to evaluate the effect of the 
rate of accumulation of dose on the eventual outcome as far as late 
effects of radiation are concerned. Some simplifying theories assume 
that the ultimate effects are totally independent of rate of accumula- 
tion of dose, while other models assume the other extreme, i.e., dose 

rate must be kept as low as possible. The ICRP in its regulations 
has made the latter assumption and has placed rigorous restrictions 
on rate of accumulation in formulating the basic rules underlying 
application of the accumulated dose rule. D=(N—18) 5 rem. Cer- 
tam variations on the level accumulation rate are allowed, but we 
feel that more extreme deviations from stated conditions are acceptable 
In certain justifiable circumstances. We must assume for the present, 
however, that the (N-18) 5 rem rule proposed by the committees 
in the light of the best available professional judgment, limits exposure 
to that level which reduces the risk of lite teteal injury to 
an insignificant level. As a practical example of the differences be- 
tween calculations of genetic damage and somatic risk, we can con- 
sider the comparison of 100 rem given to 1 man as compared with 
10 rem given to 10 men. The 1 man with 100 rem has approximately 
10 times greater chance of developing radiation-induced somatic in- 
fury than does the individual who received 10 rem. On the other 

and, the genetic damage (not risk) to the population is equally great 
with 100 rem X 1 man or 10 rem X 10 men. 
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We subscribe to the principle that somatic risks should be judged 
on the basis of exposure to individuals and should not be visualized 
in terms of population exposure. In short, we advocate the concept, 
from the long range, somatic injury point of view, that no individual 
be knowingly allowed to accumulate a lifetime radiation dose greater 
than that which would be represented by a steady state radiation 
dose of 0.1 rem per week. Control of exposure will be satisfactory 
if no person in the group exposed has more than a very small chance 
of getting more than 5 rem per year, or of exceeding the correspond- 
ing lifetime accumulation. The committees also insist that no child 
may get an accumulated dose larger than 10 rem up to age 18. 

However, we strongly advocate applying these principles in quite 
different ways for different circumstances. For example: 

The aircraft nuclear propulsion program requires that pilots op- 
erating aircraft must exceed the average level accumulation rate of 
0.1 rem/wk while operating the aircraft. The requirement is a mili- 
tary one, and it may be argued that normal criteria for exposure are 
not applicable. However, it may be argued alternatively that it re- 
quires only moderate increase in flexibility in the basic rules to operate 
within them. The principal alteration required is, that the time 
period over which the accumulated dose is accepted be adjusted. At 
a time when the weekly rate was set at 0.3 r, the ANP advisory com- 
mittee recommended that pilots be allowed to accept a maximum of 
25 roentgens per mission for a maximum of 8 missions. The question is, 
Is this an unusual risk to these individuals since it implies acceptance 
of 200 roentgens over a moderately short period of time? Under the 
present regulation, a lifetime dose to age 65 would be: (65—18) 5 
rem=235 rem. The crewmen have, then, not exceeded the lifetime 
accrual allowed, but they would necessarily be restricted from further 
exposure at the termination of their flight career. ICRP allows 2 
rem on a nonrepetitive basis to be “worked off” in no more than 5 
years. We feel that such restrictions cannot be accepted in a general 
sense, but must be made flexible to meet special needs. However, the 
controlling dose of (N—18) 5 rem should not be exceeded as far as 
lifetime accumulation is concerned. 

Control of rate of accumulation is thought to be necessary because, 
on the individual basis, one other factor must be considered. This is 
“years at risk.” The individual who accumulates 100 rem at age 2 
has a greater risk of developing leukemia than an individual who 
accumulates 100 rem at age 70, merely because the time for develop- 
ment of the end point may not elapse before the effect becomes evident. 
We believe this to be a secondary consideration and violation of the 
principle of “level accumulation rate” will not lead to serious 
consequences. 

The risk for the ANP pilots who accumulate 200 rem in 2 years, 
provided they have not been previously exposed and will not be sub- 
sequently exposed, is essentially the same as that of another individual 
of equal age who has managed to accumulate 200 rem over ott 
ceding 15 years, The individual chances of the people involved 
these two cases may be considered to be identical and there 15 10 
military risk involved greater than that which would be considered 
acceptable. 

The principle involved here is that military exposures of @ 
stricted group are not dominated by genetic considerations, but in fae 





RADIATION PROTECTION CRITERIA AND STANDARDS 473 


are dominated by the individual risks to the personnel concerned. The 
contribution of these individuals to the genetic damage pool, particu- 
larly if exposure commences at age 30, is negligible. The Laboratory 
sees no reason for controlling military applications within the rigors 
of industrially acceptable “annual dose rates” provided the accumu- 
lated lifetime exposure does not exceed that which would be compatible 
with the N—18 times 5 rule. Exposures in excess of otherwise con- 
trolling annual dose rates are in the interests of national security and 
justify specific treatment. 

For exposure of large populations to circumambient levels of radia- 
tion, the prime industrial principle of radiation control, that is, con- 
trolled access, is not applicable. For this reason, criteria of exposure 
of large populations must be based, not on a maximum permissible 
exposure, but an average or expected exposure. The critical hazard 
in such case is of genetic injury, and the pertinent measure is the 
average gonadal exposure. This will seldom be known. NRDL feels 
that we should accept the ICRP’s present decision to hold down the 
average by limiting the likely maximum among such uncontrolled 
groups of persons to 0.5 rem per year. The MPD is set higher in the 
industry (5 rem per year), not because they rate a higher level of 
radiation risk but because their numbers are known and their oppor- 
tunities for exposure are controlled. For exposure as an incident of 
employment, the frequency distribution is somewhat predictable, and 
control of average gonadal exposure by limiting industrial maximum 
individual exposure is satisfactory. From present observations with 
proper management under MPD of 5 rem per year, the industrial 
contribution to the United States-wide average gonadal dose would 
be only a fraction of the natural background, even if a million men 
came to be employed in nuclear industry. The principle would suffice 
for the environs of nuclear installations as well, although NCRP and 
ICRP prefer to specify the 0.5-rem-per-year maximum for such 
populations. 

s we are discussing “likely doses” for the population, it can be 
seen that even if the population MPD is achieved, we will exceed 
natural background by a factor of three. 

We arrive at two general points of decision for contro] measures In 
radiation protection : 

(a) The genetic dose (dose to gonads) from all sources, including 
military, industrial, or occupational exposures, should not exceed 500 
mr/yr per individual on the average. It must be clearly understood 
that the occasional individual who exceeds this value contributes little 
to the population average, and does himself negligible harm. 

(6) Somatic exposure levels of 500 mney? and 5 rem per year. 
The lower value is to be considered high with regard to normal en- 
vironment and specific control measures should be instituted to lower 
them. However, negligible somatic injury to the individual is related 
to either 0.5 rem or 5 rem/year, and they are merely gnmnees. In 
the specific case of strontium 90 body burdens corresponding with 
these values would be 170 and 1,700 strontium units in bone. 

Internal emitters.—The general criteria above are specifically oP 
Plicable to the question of establishment of maximum permissible 
environmental concentrations of an isotope. The body burden. nec- 
essary to give doses to the critical tissues equivalent to those mentioned 
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in the preceding paragraph are calculated. From these values, and 
the best available data on modes of movement from source to tissue, 
the MPC may be established. The ICRP has suggested that the MPC 
for exposure of large populations shall be set at 1/30 of that for 
continuous occupational exposure. 


IMPLICATIONS WITH REGARD TO FOOD, WATER, AND AIR 


The heart of the NRDL proposal for practical application is that 
genetic and somatic injuries are considered separately. Either can 
control. It is obvious that a whole host of separate “working stand- 
ards” relating concentrations in food, water and air to time and 
from here back to the annual sum will be needed. As has been pointed 
out, many already exist. Great care should be exercised in formulat- 
ing regulations of this type, particularly if these are enacted into law. 
If fixed upper limits are on the steady-state concentrations, eco- 
nomic penalties will be imposed by condemning food or water on the 
basis of inconsequential transient concentrations. Establishing a fixed 
“black or white” limit in preference to a graded decision p ure can 
lead to quite unnecessary exposures and consequent potential damage. 
Ill-advised laws can be dangerous to either the economy, to health, or 
to both. 

In the case of strontium 90, attention is called to the point that 
absorption of this isotope is sensitive to the total strontium 90 con- 
tent of the diet and the total calcium content. The strontium unit 
has no relevance to the strontium 90 problem in relation to public 
health and should not be used in this connection. Similarly, the 
strontium 90 content of any particular item of the food supply has 
not independent significance except as it relates to the annual food 
intake. Regulations or laws should take cognizance of the level, the 
pevensege of food at that level, and the fength of time it would 


ave to exist in this combination. 


5. Exampies or AppLicaTION oF RapIaTION Prorecrion STANDARDS 


Several examples can be cited from el application to illustrate 


the use of these concepts: the handling of nuclear accidents (Rad- 
Con) ; the handling of contaminated ships, and some aspects of war- 
time policies as they illustrate corresponding peacetime events. 

These examples Hustrate how the choice of a particular criterion is 
dictated by the exigencies of the situation. 

(a) Nuclear accidents.—The Navy Radiological Control (RadCon) 
Teams must be prepared to render medical, monitoring, logistic and 
recovery assistance in accidents and incidents involving nuclear weap- 
ons, reactors and fissionable or radioactive materials. In an accident, 
control over materials has been lost or its loss is threatened. Biologi- 
cal risk may be expected, either in the immediate rescue of pe 
in a contaminated area, or the requirement to halt or modify an it- 
dustrial process or action which, if allowed to continue, may 
increase the danger. In either instance, decisions will be ed on 
the basis of actual dose-effect tables. Exposures of 25 to 100 rem toa 
limited number of persons are considered tolerable. The real risks 
come from the uncertainty in establishing the radiological condition 
accurately enough to make sure that nobody gets 500 or 1,000 rem. 
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Once the radiological situation is ascertained and emergency ac- 
tions completed, the accident takes on the nature of a “special opera- 
tion” and is handled in that manner. 

A “special operation” is the management of an unusual situation 
with fairly high radiation levels which one expects to face only this 
once or a limited number of times. 

In such cases one is prepared to exceed exposure limits recommended 
by the NCRP. Exposures are then accounted for quarterly, or yearly. 
Individual and group exposures are, of course, kept to a minimum by 
the use of controlled stay times in radiation areas, and the use of pro- 
tective gear (respirators, special clothing) and devices (remote han- 
dling tools, radio-controlled mobile equipment, etc.). One aims to 
clean up the area and eventually return it to routine operation. After 
recovery one again applies stringent radiation-protection criteria. 

(b) Special operations.—We have some experience in handling shi 
contaminated by fallout from our weapons Sens We apply the 
same criteria for special operations and return to the normal protec- 
tion criteria as soon as the ship is recovered. This matter is well 
covered in the soon-to-be-issued Bureau of Ships Technical Manual, 
Chapter 90, entitled “Radiological Recovery of Ships After Nuclear 
Weapons Explosions.” There is always a conflict between going 
slowly enough to assure a minimum exposure to the recovery team, an 
a proper haste to get the ship back in normal operations. One has to 
decide whether to go ahead now or wait for the activity to decay a bit. 
Except in war, however, the intentional exposure of personnel will not 
be permitted to overstep the accepted criteria for radiological safety. 

e U.S. Naval Radiological Defense Laboratory has advocated 
that the Navy comply with all peacetime regulations relating to ex- 
posure to personnel and the deliberate release of radioactive materials 
tothe public domain. However, it should not insist on complying with 
NCRP environmental criteria for those areas under its administrative 
jurisdiction (e.g., a ship). In all instances, of course, exposure is 
strictly controlled. 

Attention is called to the fact that this scheme provides a basis for 
three levels of radioactive hazard environment, and three levels of de- 
— A wide range of individual situations is covered by each 
evel. 

It is necessary in some instances, to distinguish among three kinds of 
clearances based on three applications of radiation protection criteria : 

(1) Operational clearance, applies when contamination levels 
are high enough to demand special procedures and precautions. 

(2) Standard clearance, specifying a level of radioactive con- 
tamination above that s cifed b NCRP environmental stand- 
ards, but for which radiation and contamination control can be 
achieved by standard operation procedures. This condition is 
analogous to that obtained in restricted or controlled areas of 
nuclear industrial plants. 

(3) Final clearance, specifying a condition which complies with 
NCRP environmental limitation for unrestricted access. 

(c) Wartime criteria.—Although wartime situations are not being 
considered in these hearings, serious radiological disaster conditions 
IN peacetime can be handled more assuredly if compared with the 
thinking that has gone into planning for wartime operations. Under 
such circumstances, as discussed above under the emergency phases 
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of nuclear accidents, dose-effect tables along with executive decisions 
as to the acceptable level of personal, acute injury are the ruling 
criteria. 

A true safety picture demands that the radiation hazard be judged 
as a portion of the total picture. All aspects, such as personal hazard 
from nonradiological sources, radiation hazard to individuals involved, 
radiation hazard to the population if action is not taken, and the 
economic consequences of the alternative action must be considered 
in the ultimate decision as to allowable radiation dose. It is, of course, 
highly desirable, under all conditions, to stay within the ICRP emer- 
gency limit of 12 rem; but situations threatening the health, safety, 
and welfare of the public may require that individuals be exposed to 
extreme hazards. Thissituation is not unique to radiological accidents. 

The ultimate extension of this principle is seen in the wartime sit- 
uation: The radiation risk is made subordinate to the accomplishment 
of the mission whenever the application of radiation protection com- 
promises the mission. In this instance, the dose-effects tables will be 
used to predict casualties rather than to prevent them. 

(d) Application to program decisions.—The definition of acceptable 
exposures, plus the graded decision procedure, permits the Govern- 
ment agencies to make plans with much greater assurance since the 
environmental state is directly linked to the quantity and the concen- 
tration of radioactive material. For example, one might define a 
weapon test program as within the realm of “normal programs,” pro- 
vided environmental testing : 

(1) Isconducted at the PPG. 

(2) Does not exceed a total of 1 MT/yr. 

(3) Does not include any shots>100 KT. 
Anything outside this limit would fall in the area of “Special Oper- 
ations,” 

Projects such as ANP, Pluto, and Rover could proceed provided 
the total quantity, concentration, and frequency of depositing radio- 
active material over specified areas did not exceed certain limits. 
Plans exceeding these limits become Special Operations and may 
require exceptional public health measures. 

Projects such as Chariot become evaluated in the light of past, pres- 
ent, and future programs and the way they relate to the specific 
environmental areas involved. : 

Since a nuclear accident may be a major event, the total quantity 
of nuclear material which may be involved is an important consid- 
eration. Thus, a choice between two nuclear devices, one which is 
mechanically more reliable but releases more fission products into 
the atmosphere than another which has a higher failure probability 
may be involved. The choice would be influenced by the amounts of 
normally created radioactive materials. If the amounts correspond 
to the lower levels of environmental concern, the planners have a wide 
range of freedom for action. If they correspond to higher environ- 
mental levels, the degrees of freedom decrease. 

The point is that the boundary conditions influencing the program 
can be seen while the plans are still on the drawing board. Engineers 
are very astute about designing themselves out of trouble once they 
see what the trouble is. 
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(e) Application to hotspots—The Atomic Energy Commission has 
defined a “hotspot” relating to fallout as an area where the concentra- 
tion of radioactive materials is some two or three times that of the 
surrounding territory. The U.S. Naval Radiological Defense Labo- 
ratory would define a “hotspot” as any area in which environmental 
measurements applying to free field measurements of gamma radia- 
tion or measurement of radioactivity in air, food, water, etc., would 
lead to average dose predictions greater than three times the annual 
rate based on background. The fundamental distinction between the 
AEC definition and the USNRDL definition is that we make no dis- 
tinction as to origin of the material, but relate it to the average en- 
vironmental levels. Such conditions can be reached either by spotty 
distribution of a massive deposition such as fallout over a wide area 
or could be reached by the accumulation of many sources in the grow- 
ing nuclear industry. 

(f) Application to waste disposal_—Regulations controlling pres- 
ent waste disposal for nuclear ships, etc., are based upon present levels 
permitted by the Federal Register. These permitted levels are fixed 
numbers applying equally to all parts of the environment and the 
way they are met is the responsibility of the using agency. Thus, 
each using agency must set up regulations of its own specifying the 
manner in which radioactive materials can be released in the open 
ocean, in the water offshore, and in harbors. Those prescribed by 
the Navy appear elsewhere in the testimony. 

Since it is apparent that an acceptable combination of concentra- 
tion, total amounts at one time, and annual release rates will vary 
widely between harbors, and even in different segments of the ocean, 
such an approach does not appear appropriate. It appears that such 
release conditions should not be fixed but should be adjustable and 
need not be the same from one harbor to the next. Use factors for the 
water concerned (including recreational, industrial, and similar fea- 
tures) should be taken into consideration. Provisions should also 
be made for special conditions for radioactive materials where certain 
elements can become highly concentrated, as was the case of cobalt in 
clams. Thus, it is the need of the environment that determines the 
level and rate of disposal, and this responsibility cannot be met by 
the using agency alone. 

Extending this principle on a broader sense, present evidence indi- 
cates that the uptake of radioactive materials from sources such as 
fallout, varies with the time of year and offers opportunities for by- 
passing normal food chains. It is entirely conceivable that specifica- 
tions of radioactive material release should be more liberal at one 
time of the year than at another provided the annual accumulation 
features are not violated. It is pointed out that the generation of 
regulations of this type are considered by many to be in the province 
of State and local jurisdiction rather than Federal. However, since 
many of the federally sponsored programs involving radioactive mate- 
rial released, particularly for military purposes, are also involved, it 
apparent that basic regulatory controls must emphasize the origin 
and method of operation and should deemphasize fixed limitations on 
‘nvironmental levels, per se. One of the consistent practical features 
of the impact of radioactivity on any new situation, is the way in 
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which its influence cuts across customary lines of organization and 
responsibility. 

o recommendation is made on how to handle this type of problem, 
but the reality of its existence should be recognized. : 

1. A statement of acceptable level of radiation induced injury (or 
chance of injury) is the essential keystone to any national policy 
related to radiation protection. This statement must account sepa- 
rately for the level of acceptable injury to the race by genetic damage 
and the risk to the individual of somatic damage. 

This determination is a problem of national policy in the highest 
sense of the word. 

2. This limit of acceptable risk of injury to people becomes the 
standard against which all factors are judged. It is not a “stand- 
ard” which is approached as closely as possible (e.g., a standard of 
weight). It is a condition (e.g., a cliff), which one stays as far away 
from as conditions permit. The closer one approaches the edge, the 
more careful he becomes. 

3. Against this framework, the function of radiation protection 
criteria or standards of any kind is to guide the actions of people in 
relation to their environment. Their violation breaks the rule, but 
does not define when one has been pushed over the cliff. 

4. The total acceptable quantity of radioactive materials in the 
environment requires strict attention to the annual quantities, their 
concentrations at any point, and the repetitiveness of the condition. 
Transient concentrations can be accepted for short periods. Concen- 
trations of active materials above the “average” can be accepted in even 
food and water, provided their annual contribution to the diet is below 
the acceptable average. NRDL sees the management of radioactive 
materials in the environment as a dynamic process implementing 
national policy specifying the range of acceptable risks to the popu- 
lation. inal and criteria should implement dynamic mana 
ment over the full range of conditions, but for the common objective 
of keeping radiation exposures to people within the prescribed accept- 
able levels. 


7. ApprrionaL Comments on JCAE “Ovriine or Hearines” 


The following short comments on different items under topic I of 
the committee’s “Outline of Hearings” are offered. Only those items 
on which it is desired to submit additional comment are listed. Items 
omitted have been covered in the USNRDL basic statement. 


I. Introductory information 


Item (2).—What are the basic problems of radiation protection! 
What are their unique characteristics? To what extent can these 
problems be viewed analogously to those in other fields of hazard 
protection ¢ 

Comment: The basic problems of radiation protection are related 
to the effort to maintain the lowest exposure compatible with the cir- 
cumstances and simultaneously not to exceed voluntarily a fixed upper 
limit which defines a level of radiation risk which has become consid- 
ered as acceptable. The unique characteristic is that radiation has 4 
common denominator quite unlike other poisons, such as chemicals, 
since different radiations have different biological responses. The 
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methods by which they can be impinged on the body vary, from expo- 
sure to a source completely outside the body, to entering the body 
through the lungs or food chain, by contact, and other diverse meth- 
ods. From the radiation protection point of view the biological con- 
sequences are considered to be additive. Although this is not strictly 
true, one is faced with the problem of adjusting a wide range of ex- 
posure conditions which have little relation to each other, and stay 
within a fixed upper limit for the sum of these. Perhaps the one 
unifying characteristic of radiation effects on the body 1s that the 
damage is caused by ionization, and, therefore, the damage is created 
at some point in the body physically different from the point at which 
the radiation originated. 

The radiation hazards can be considered analogous to other fields of 
hazards protection to the extent that the hazard can be related to the 
probability and magnitude of exposure and not to the consequences of 
exposure. 

tem (5).—“From a radiation protection standpoint, what are the 
distinguishing characteristics of the various major sources of radiation 
exposure to be considered in these hearings?” 

omment: The distinguishing characteristics of the various major 
sources of the radiation exposure to be considered in these hearings are 
related to the degree to which the quality and characteristics of the ra- 
diation pene condition can be related to the source, and is known. 
Consider the practical problems of dealing with protection from an X- 
ray machine. The sodiation characteristics are known. The machine 
is in a known position, and is highly controllable. The problem here 
is quite different from that created by radioactive isotopes in the en- 
vironment. The location, quantities, and potentialities for exposure 
from these isotopes are far more difficulty to identify. However, even 
in the case of environmental radioactivity, the sources differ in respect 
to the quantities, types of isotopes, identifiability, and specification of 
location. Thus a weapon test gives a massive production of radioac- 
tive materials, the disposition of which can be technically identified 
in general terms, but can, by no means, be controlled to the degree that 
the discharge of radioactive waste from an atomic energy site can be 
controlled. 

Item (6).—‘What types of radiation protection criteria or stand- 
ards have so far been developed ?” 

(a) Classified as to whether recommendatory or binding. 

Comment: This point has been covered in the basic statement. These 
comments are inaddition. The professional recommendations of such 
organizations as the NCRP and the ICRP have been the most com- 
monly accepted basis of standards relating to radiation protection. 
These committees act as recommending bodies but their recommenda- 
tions have become “authenticated” by common usage and acceptance. 
Methods by which the recommendations should be applied are often 
incorporated into the standards, but there is no obligation for an ad- 
ministrative organization to follow them. These recommendations 
have been made binding on AEC licensees through publication in the 
Federal Register. 

(5) Direct and indirect limits on exposure dose. 

Comment : Direct limits on exposure are applied in two ways. First, 
through standard operating procedures for a radiation environment 
54561 O—60—32 
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which is sufficiently well known and repetitive to permit adequate con- 
trol of exposure without continuous and extensive measurements; sec- 
ond, physical measurements by dosimeters such as film badges which 
are applied directly to the accumulated exposure of the individual him- 
self. Since the actual exposure from radioistopes taken within the 
body cannot be measured directly, limits applying to this class of agent 
represent indirect control through measurements of their content in the 
environment. These appear as MPC’s in air, food, water, ete.—max- 
imum permissible levels on surfaces, ete. -These limits often incor- 
porate factors relating to the nuclide concentration, and also allow for 
the various transfer mechanisms between the environment and the in- 
dividual. Therefore, MPC’s are even more indirect than maximum 
permissible body burdens. 

Item (7).—This subject will be treated by other witnesses before the 
committee and will not be additionally commented on by NRDL. 

Item (9).—‘What kinds of information and assumptions go into 
radiation protection criteria or standards? 

Comment: The classes of information and assumptions which go 
into radiation protection criteria start with the measurement of the 
biological response to a particular type and dose of radiation includ- 
ing its method of exposure. One of the principal, and perhaps most 
troublesome assumptions, involved the necessity of assuming that the 
biological significance of radiation delivered under one set of condi- 
tions is actually the same as that delivered by another set. Profes- 
sionals in the field are not bothered by this normally, but from the 
fundamental point of view it should be recognized that the body re- 
sponds to radiation as it is actually received. Virtually all measure- 
ments, all standards, and their interpretation involve assumptions 
with respect to the reproducibility and reliability with which the 
actual injury to the body can be deduced from measurements made 
some place else (e.g., in air). The potentiality for exposure is much 
easier to measure than is the real biologically effective energy absorbed 
by the body and the determination of the corresponding response. 
This point is illustrated by the extensive discussions involved in the 
reliability with which radiation danger established at a high dose 
rate can be extrapolated to radiation danger delivered at a dose rate 
which is comparable to the radiation environment with which the 
dynamic living processes of the body are in continuous contact. 

The problems of fallout have not been considered from the view- 
point of radiation protection. They have been considered from the 
“risk” viewpoint which requires that real exposure conditions and 
real biological response be described for a specific case. 

Item (10).—*Why do the present criteria and standards cause pub- 
lic confusion ?” F 

Comment: Present criteria and standards cause public confusion 
primarily because they are misunderstood and/or misused, The con- 
tinuous practical problem of determining an accumulated dose by 
measuring a rate (or of establishing the significance of a aa 
high level of radioactivity which occurs only once in a great while 
against a framework of criteria which are based upon continuous ex- 
posure assumptions, is usually misunderstood by people not profes- 
sionally associated with the radiation protection field. Although 
present criteria and exposure standards are designed to keep true 
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exposure as far away as possible from the maximum considered ac- 
ceptable, they are assumed by most people to mark the line between 
safety and danger. Consequently, the real danger is very much less 
than the imagined. Much of the concern comes about because estab- 
lished Government agencies were not prepared to deal, in practice, 
with a local or transient condition in excess of criteria designed for 
continuous exposure application. Within the nuclear technology, 
such conditions are handled as a part of the regular radiation protec- 
tion program and the correction is a straightforward matter of ad- 
ministration. The need for such administration with regard to 
radioactivity in the public domain has not been generally accepted, 
or at least wasn’t as of the May hearings of 1959. A coherent, sys- 
tematic basis for interpreting information for submission to the pub- 
lic has not yet been prepared. 

Additionally, the widely divergent opinions of scientists and non- 
scientists with regard to the acceptability of radiation exposure re- 
sulting from a weapon test program has given rise to completely 
opposing claims as to the biological significance of these events. It, 
perhaps, has not been propery appreciated that much of the informa- 
tion and discussion relating to the radiation threat and the application 
of radiation standards has been an argument, not over the hazards 
themselves, but over their acceptability. 


Topic Il 
No comment will be made on this section by NRDL. 
Topie Ill 


Most, but not all of these are incorporated within the basic 
USNRDL statement and will not be further amplified. 





CHAPTER 3. STATEMENT OF THE AIR FORCE SPECIAL 
WEAPONS CENTER, KIRTLAND AIR FORCE BASE ' 


Criteria or standards as applied to protection against a hazerd 
are rules which have been generally accepted as models by which to 
abide. This doesn't necessarily indicate that such standards are, indeed, 
correct. It is, of course, necessary to alter such standards from time 
to time, as further experience indicates that they are too radical or 
too conservative. Generally speaking, the longer sets of criteria have 
been in force, the more apt they are to be close to being practical. 
Unfortunately, standards set for radiation exposure are of fairly 
recent origin and, consequently, in all probability much revision will 
be made either upward or downward in the future. Compounding the 
difficulties in setting the criteria for radiation exposure is the fact 
that comparatively little experience has been gained, as well as laboratory 


experiments performed. Accidental human exposures have occurred; however, 


purposeful laboratory exposures to humans in varying dosages and dose 


rates, of course, have not and cannot be performed. Much work has been 
done on exposing animals with controlled exposures and a great deal of 
knowledge has accrued as a result of this. Extrapolation can be accom- 
plished up to a certain point, but a guinea pig or rat is obviously not 
a man. 
As in almost everything, there are your conservative and radical 

elements in interpretation of radiation exposure effects, each expounding 
its belief. The very nature of biological effects would indicate this 


' Prepared by Lt. Col. Solomon E. Lifton, Deputy Chief, Biophysics Division, Research 
Directorate, AFSWC. 
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happenstance. Until more experience is gained, it is essentially impossible 
to say which group is correct. For the sake of conservatism, those who 

are in a position to set criteria obviously will and should choose the 
conservative estimates in order to assure that in the event the conserva- 
tive element is correct, no undue hazard will exist to personnel exposed 

to ionizing radiation. 

In this regard it has been stated that any ionizing radiation is bad 
for the individual or, at least, does him no goode However, there have 
been experiments performed which vould seem to indicate that even this 
presumably obvious statement is incorrect. As a matter of fact, some 
experiments have indicated that mice and rats which have received small, 
chronic dosages of irradiation, indeed, live longer than their non- 
irradiated controls and can withstand subsequent larger dosages of 
irradiation than their controls without lethality under certain circum- 
stances. Obviously, this requires further research. It is felt, therefore, 
that one cannot make a positive statement that radiation in any form and 
in any amount is certainly harmful. 

It has been recommended that the standards for radiation exposure 
(0.3 rem/week) be lowered for occupational exposure to 0.1 rem/week, or 
an average of 5 rem/year after the age of 18. The basis for this change 
is due to the possible genetic effect and, consequently, the effects 
upon future generations. This decision was based primarily upon experi- 
ments performed on the fruit fly, (even further removed from man than 
mice and rats). It is also predicated upon the fact that all mutations 


are bad. History of mankind's development disproves this theory. 
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A further factor which makes this conservative viewpoint even more 
conservative is the fact that these are industrial exposures we are 
dealing with and not whole populations, so that from a genetic standpoint, 
the chances of mating of two individuals working within the industry 
whose exact matching genes, of which there are thousands, have been 
injured in the same way is ratner remote. 

Secondly, if the germinal epithelium (sperm-producing tissue) of the 
male has been injured by an ionizing event, then only sperm which arise 
from this mutated germinal cell must be the sperm which fertilizes the 
female ovum in order for this mutation to occur. There are many, many 
cells in the germinel epithelium which give rise to sperm. In addition, 
the same applies to the female ovum. Therefore, the chances of such a 
union occurring are exceedingly remote. Furthermore, the ionizing event 
which could cause a mutation could conceivably kill the cell instead, 
thereby causing no mutation. 

It should be recalled that the criteria for whole populations 
(worldwide population) is one-tenth the industrial exposure limit 
(0.5 rem/year). It has been variously estimated that 50 rem would be 
required in order to double the present mutation rate. 

It should further be emphasized that the amount of nuclear weapons 
testing that has occurred thus far by all nations, even if continued 
at the highest rate of testing which occurred thus far continuously for 
the next thirty years, would result in much less exposure to the world 
population than that fron natural radioactive background. As can 
readily be seen, the undersigned is of the opinion that the present 
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criteria are conservative. However, this Center and the Air Force 
believe that the Air Force should live within these criteria during 
normal peacetime procedures, including exposure to non-occupational 
civilian populations as a result of Air Force operations, Thus far, 
in all Air Force operations, civilian populations have not been sub- 
jected to anywhere near the permissible levels set by the criteria 
of the National Bureau of Standards, National and International 
Committees on Radiation Protection, 

It appears to the undersigned that the criteria for exposure 
to ionizing radiation are more stringent than criteria for most other 
industrial exposures, This, however, is probably necessary due to the 
comparative lack of experience which this nation has«had with ionizing 
radiation. However, from an operational standpoint, we believe that if 
such criteria are to have any meaning and stature, we should live up to 
these criteria and should not, in fact, be unduly concerned with exposure 
80 minute ( well below the recognized standards) that an alarm be raised 
because of such exposures. Unfortunately, this sort of thing has occurred 
and doubtlessly will continue to occur until the public is fully informed 
as to the facts. If we are to deal with atomic energy at all as a nation, 
itis felt we, at least, must live up to these standards. As an aside, 


it should be stated that the fact that AFSWC is in Albuquerque 
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(over one mile high) exposes all personnel at SWC to more additional 
rediation than individuals in, for example, Washington, D.C. (sea level) 


have received due to all the bomb testing to date, and yet many people 


purposefully reside in Albuquerque. It is felt that one must temper 


so-called overexposures to ionizing radiation with the possibility that 
if we, as a nation, are not strong in the atomic energy field, we may 
find ourselves embroiled in a nuclear war where tens of millions of lives 
may be lost and slavery ensue because we were unwilling to accept small 
dosages of radiation, which may or may not have been harmful to some 

small extent. Certainly, statistics prove that the use of the automobile 
kills approximately forty thousand people per year, and yet we are willing 
to accept this because of the benefits which the use of cars as transporta- 
tion provide. Certainly, even the most conservative among us would not 
predict that the evils of radiation can begin to cause this amount of 
damage to our citizens. 

At the present time this Center is in the process of attempting to 
define the radiation hazards which might result from normal operational 
use as well as possible accidents resulting from nuclear-propelled 
aircraft, nuclear-powered space vehicles and missiles, as well as systems 
for nuclear auxiliary power. It is at present too early to state what 
such hazards might be. However, it does appear as though these hazards 
would, indeed, be small, especially as related to worldwide populations. 

The Air Force, as stated above, under normal peacetime conditions 
utilizes the criteria as set forth by the National Bureau of Standards, 
National and International Committees on Radiation Protection. It is 
believed that if we remain under these standards, there is essentially 


no risk. Certainly, no measurable biological effects are anticipated. 
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Public confusion in these matters exists, primarily, for two reasons: 
(1) This is a subject about which the public generally has very little 
understandings and, (2) there is a considerable divergence of opinion 
even among so-called experts. Consequently, even that portion of the 
public which understands the problem finds it difficult to know whom to 
believe. Public education is necessary before public apprehension can 
be allayed. All of us are prone to be frightened of the unknown. It is 
the opinion of the undersigned that if the public were educated as to the 
facts, most, if not all, of its fears would disappear. 

During wartime, of course, the Air Force will not be bound by the 
criteria as set forth by the above-mentioned agencies. Radiation exposures 
would be merely another of the many hazards military men must face during 
time of ware The Air Force certainly will attempt to keep exposures to 
a minimum consistent with the Air Force mission. 

It is believed that there is a great factor of safety built into most 
of the criteria as outlined by various groups for the reasons mentioned 
above. Practically all, if not in fact all, of the criteria are based 
upon chronic radiation effects rather than acute effects since no acute 
effects are expected below a minimum of 50 to 100 rem dosages. 

For some radiation effects it is believed that there may be no threshold 
and that, in fact, the damage produced is linear, consequently, proportional 
to the doses There are conflicting views on this in such effects as 
leukemia and cancer production. Most experts do agree that there probably 


is no threshold as far as the genetics propiem 18 concerned. 





488 RADIATION PROTECTION CRITERIA AND STANDARDS 


Tne undersigned reads no impiication into the towering of tne standards 
over the years, except possibly that the conservative elements are being 
lietened to today. With further experience, the pendulum, indeed, may 
swing to the opposite extreme. 

The Air Force practices flexibility in meeting the criteria in that 
under emergency conditions or during wartime, guides are provided for 
commanders as to what to expect operationally from given exposures. 
However, it is the commander's decision as to how high an exposure to 
allow under any given mission, taking into account the importance of the 
mission, the benefits to be gained for the nation, ss well as other military 
considerations. Under normal peacetime conditions, it is felt that, 
basically, we should live up to one set of criteria and that no additional 
criteria are required for the variety of exposure sources which might exist. 
The Air Force lives up to the standards set forth with no re-allocation 
of personnel for some small exposures below these acceptable limits. 

During wartime or under emergency procedures, we will practice allocation 
of exposure in thet when we speak of large exposures well above these 
peacetime linits, we would attempt to spread these “overexposures" among 
a number of people so that any individual exposure would be kept to a 
minimum. 

In dealing strictly within the United States, it is felt that when 
we speak of whole population exposure, the group taking whatever small 
risk might result from peacetime radiation exposure is the same group that 
would receive the direct benefits associated with this risk. Obviously, 


when we speak of worldwide exposure, there may be some question as to 
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whether those populations in other countries who participate in the small 
risk are deriving equal benefits. This is-an international political 
question and, recognizably, a touchy subject, Hopefully, those nations 
which agree with the United States philosophy of democracy might realize 
that they share in our benefits. Those who do not agree with our political 
philosophy would object, regardless of the risks, It is noteworthy that 
the latter groups of nations do not seem to object to Russian tests when 
they take place. 

There are obvious reasons why we, either as individuals or as a 
nation, should be willing to accept a certain degree of exposure. If 
the concepts of National Defense and, indeed, national survival are at 
stake, we should individually and collectively be willing to live up to 
at least the criteria as set forth for radiation exposure, remembering 
that these criteria are in the judgment of experts conservative, and 
no demonstrable effects, either acute or chronic, are expected, 
If national survival itself is at stake, we must be willing to accept 
some higher degree of risk. 

It is believed that some form of criteria, whether one agrees with 
these or not, is better than none. In the former case, one at least has 
a yardstick by which to measure success or failure of various attempts at 
protection. Certainly, from an economical point of view, it would be 
impractical to protect to a much greater degree than necessary (over 


protection), One can protect against radiation by a variety of methods, 
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such as controlling the source, controlling public access to radiation 
areas, controlling the time allowed in such an area, and in many instances, 
a combination of all of these. Under varying conditions, any one of these 
methods may be more practical than any of the others. In dealing with 
ionizing radiation hazards, protection thereof, and remaining within 
certain criteria or standards, it is imperative that all of us use the 

same criteria, the same units of measurement, and know that regardless 

of where such measurements may take place, we are measuring the same 

thing. If this is followed, it is felt that no restrictions should be 
placed upon the degree and methods of ascertaining that individuals or 


groups are living within these stated criteria. 


There are in existence at the present time various hazards committees 
to advise the military, the A.E.C., Congress, and the President of the 
United States as to what hazards might exist from the operational use 
of and/or accidents involving nuclear-propelled aircraft, nuclear-powered 
space vehicles and missiles, as well as SNAP vehicles. These committees 
would obviously differentiate among the amounts of radioactivity to be 
received on site, in the immediate vicinity, off site, and worldwide. 
This Center has in the past and is continuing to study these problems 


from an Air Force operational point of view. 


Since, during peacetime there are many possible new sources of 
atmospheric contamination, i.e., weapons testing, nuclear-propelled 


aircraft, auxiliary nuclear power (SNAP), nuclear propulsion (spase 
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vehicles, missiles, and ramjets), it would probably be well to have one 
central organization responsible for makihg decisions as to whether these 
additional inputs to the atmospheric contamination are permissible. If 
this is not performed, it is possible that the proponents of any one 
system (unaware of the input into the atmospheric contamination by other 
systems) might feel that his particular system can contaminate the atmos- 
phere up to a certain point. If this practice were followed by the pro- 
ponents of every system, it would conceivably be possible to exceed that 
atmospheric contamination which would result in surpassing the presently 
constituted criteria. 

Biomedical research in this field of radiation hazards is at best 
a difficult and time-consuming task. The results of research, since we 
obviously cannot use man as the test animal, must be extrapolated from 
some animal to man. This type of research since biological systems 
are not directly comparable at best, gives us rough estimates as to what 
might occur if man had been exposed to similar radiation doses. 
Consequently, it is impossible to state that we either now or in the 
near future will have exact answers to the problems which face us today. 
The biomedical approach, certainly, is not an exact science and probably 
will never be one. Individual differences exist not oniy from species 
of animais in retation to each other but, indeeu, from one individual 
to anotner. Consequently, we talk of LD., 3° (that amount ot radiation 
which will probably kill half of the peopie within thirty days). Since 
the biomedical input into the development of eny system involving ionizing 
tadiation results, in necessity, in only an estimate, personnel not familiar 


with the nature of biological systems occasionally find it difficult to 
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support necessary biomedical research. It is believed that if we are 


to obtain better answers as to the radiation effects, a greater emphasis 


must be placed upon such research. 





CHAPTER 4. STATEMENT OF THE ATOMIC ENERGY 
COMMISSION 


Introduction 


Nuclear energy operations, both under the Atomic Energy 
Commission and under its predecessor, the Manhattan District 
of the U. S. Corps of Engineers, have been characterized by an 
unusual high degree of regard for health and safety. Not only 
has this been true with respect to radiation hazards, but the 
performance of AEC installations in other fields of health and 
safety is indicative of the Commission's policies and efforts 
throughout its operations. 

In the field of radiation protection, both the Manhattan 
District and the Atomic Energy Commission have followed the 
basic recommendations of the National Committee on Radiation 
Protection. The present statement is not intended to reflect 
any change in the policies of the Commission with regard to 
radiation protection. Rather, for purposes of contributing 
background information for the forthcoming Congressional Hearings 
on Standards.of Radiation Protection, it reflects the historical 
development of AEC practices under a policy of extreme caution. 

Some insight to the nature of the problems involved in 
establishing standards of radiation protection may be obtained 
by considering the degree to which routine agtivities involve 
hazards to health and safety. Many such hazards receive little 


specific recognition, either because possible results are not 
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considered to be serious or because the chances of serious 
consequences are relatively remote, Other hazards are 
generally recognized but the current* degree of hazard is 


generally accepted. 


For example, the population of the United States collectively 


accepts a hazard from fire which accounts for 100,000 deaths 
per year, The individual deaths are considered tragic; and 
strenuous efforts are made to control the hazard by regulation, 
inspection, education and persuasion; but these are the 
efforts required to limit the hazard to its current level 

not those which would be required to affect a substantial 


reduction, 
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This statement discusses some of the factors to be considered 
in evaluating the effects of substantial reductions in current 


limits of radiation exposure. It is not practical to perform such 























an evaluation or even to present all aspects of the problem. In 
some cases it might be more pertinent to consider advantages which 


might result from a relaxation of an existing limitation on radiation 





exposure. This is especially true since the reasons for accepting 
a certain degree of hazard may be much less important in one case 
than in another.* In general, it is to be expected that upward 
revisions of limits of exposure would be of little advantage to the 
routine operation of a facility already engineered and constructed 
to meet current limits, while a downward revision might be extremely 
difficult to meet. However, in the developmental phase of a partic- 
ular application of nuclear energy, the effect of relaxation might 
be as great as, or greater than, the effect of greater restriction. 


Such effects may be more pronounced where the development is 


supported by private enterprise. 


For example, a thicker shield about a power reactor may have 
little effect on the feasibility of the project, while a 
thicker shield on a reactor to be used for propulsion of an 


airplane may be a critical factor. 
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This statement does not discuss in any detail the equally 
pertinent question of what reductions in hazard would be achieved 
by reducing current limits of radiation exposure, or of what 
increases in hazard would result from the use of higher limits 
of exposure. The relationships between hazard and exposure to 
radiation have been discussed extensively in previous Hearings* 


before the Joint Committee on Atomic Energy. 


This statement is composed in large part of individual state- 


ments by various offices and divisions of the Atomic Energy Commission, 
with a number of supplementary statements by operating contractors. 
The various statements have been prepared more or less independently, 
with the minimum amount of editing required for reasonable coherence 
and consistency of format, and may be expected to reflect a consid- 


erable range of experience and point of view. 


The Nature of Radioactive Fallout and its Effects on Man, 1957 
Fallout from Nuclear Weapons Tests, 1959 


Employee Radiation Hazards and Workmen's Compensation, 1959 
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A number of statements by individual companies operating AEC 


facilities under contract are submitted, for illustrative purposes, 


as appendices to this statement. While these statements were 
solicited for this purpose by the AEC, following the request of 
the JCAE for appropriate information for this Committee Print, 
the approach to the question and the illustrative material chosen 
by individual contractors do not necessarily represent the views 


of the Atomic Energy Commission. 





Part I. Establishment of AEC Radiation Protection 
Standards and Their Regulation 


NOTES ON THE NEw (1958-9) ICRP RECOMMENDATIONS AND SUGGESTIONS 
ON POPULATION EXPOSURE 


CHARACTERIZING THE POPULATION AT RISK 


By the portion of the supplementary statement explaining 
paras. 53-57 of the 1958 report, 5/ the ICRP makes it clear that 
their primary categorization of the population at risk is into thra 
categories only: 

(1) The exposure dose to radiation workers is limited 
individually. 

(2) Under certain circumstances, the exposure dose to 
individuals in the population at large, other than 
radiation workers, is limited. Which individuals 
these limits apply to was specified in the 1958 report 
by defining certain groups of which these individuals 
are members. In the supplementary statement, 6/ the 
ICRP extends the definition to include all individul 
in the population at large. 

(3) The exposure dose is limited on the average to the 
whole population, with “whole” left to be defined. 

Nowhere does ICRP explicitly specify a limit for sub-groups of the 
Whole" population where such a limit is to be applied on the avert 


coumeaneniimmenigmettiinninmeienetetereeprmercrmerenmenaten erate esta ems mecmremeiee 


5/ Report of the ICRP, 1958 


6/ Supplementary ICRP statement, Radiology, January 1960 
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It would be somewhat redundant to have done so, since the 
recommendations would then be advocating limits both for "big" 
populations, on the average, and for "small" populations, on the 




























ON: 
" average, with neither defined. 
EXPOSURE LIMITED BY LIMITING DOSE 
In the 1958 report, the ICRP limits the individual yearly dose 
g to the special group "B(c)" - a group including children - to 0.5 
hat rem but provides additional guidance as to how this might be met 
o thre (see below). The 1960 supplementary statement of the ICRP adds, 
however, that the 0.5 rem/year limit should also be taken to apply 
ed as an individual limit to the population at large, meaning everyone 
except those occupationally exposed and those in special groups 
to "B(a)" and "B(b)" who are permitted larger individual limits by 
than factors of 10 and 3, respectively. 
als 
5 To summarize, ICRP limits individual dose to everyone 
report 
aie according to the group with which they are identified: 
vi 
Radiation Worker gonadal, whole body 7/ 5(N-18) rem 
6/ the cumulative 
Member of group - 
Li vidusls B(a) or B(b) 1.5 remgear 
Member of population . 0.5 ren/fexr 
at large 
o the 
ined. It is important to note that as far as individual dose limit is 
of the concerned the special group B(c) is no longer identifiable 
je averag? 





reporv, re 


500 RADIATION PROTECTION CRITERIA AND STANDARDS 


separately from the population at large. 

At no point is a specific recommendation of exposure dose 
limit for somatic hazard made which is to be applied as an average 
to the "whole" population. In fact, the 1958 report, para. 66, 
specifically mentions the unwillingness of ICRP to do this. 

The ICRP does, on the other hand, recommend an exposure dose 
limit for genetic hazard which by implication, is to be applied as 
an average to the "whole" population, namely 5 rem in 30 years. 
The effect of this over-all genetic dose limit is to set a limit on 
the number of individuals who may receive the individual exposure 
dose limits given in the above table. 8/ This is true regardless 
of whether the ICRP's suggested allocation of genetic exposure is 
used or whether some other allocation is used. 

The ICRP noted, however, (1958 report, paras. 66-68) that the 
above recommendations would serve to limit the average somatically 
relevant dose to the whole population, but without specifying any 
specific limit, in two ways: 

(1) The individual dose limits for groups B(a), B(b) and 
B(c) could be expected to keep the average for the 
whole population down, presumably because these 

_ Special groups were the most likely groups to be 
exposed, 9/ 


course, a4 e y re 2 ction e ’ 


9/ This, of course is no longer true since the expe onsnsen?, state- 
ment extends the individual limit of 0.5 rem/year to the 
population at large. 
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(2) The genetic limit on the average dose to the 

whole population would obviously serve a fortiori 

as @ limit on the average somatioally relevant 

dose to the whole population also, for the cases 

of external exposure and internal exposure sources 

contributing to gonadal dose. 
But this left no control on the average somatically relevant dose 
to the whole population from internal sources not contributing to 
gonadal dose. How this is taken care of is discussed below, 
EXPOSURE LIMITED BY LIMITING ENVIRONMENTAL CONCENTRATION 

The ICRP suggests meeting the matter of limiting average 
somatically relevant exposure to the whole population from internal 
sources not contributing to gonadal dose by limiting the release of 
radioactive material to the environment on the basis of 1/30 of 
the occupational MPC's. 

This approach is not surprising. For, as suggested above, 
the ICRP also noted that the recommended individual exposure dose 
limit of 0.5 rem/year also could be satisfied for internal sources 
if the release of radioactive material were planned on the basis of 
1/10 of the occupational MPC's. 

Thus the entire foundation of ICRP's control philosophy to 
the population at large is predicated upon controlling the concen- 
tration of radioactive materials released to the environment as far 


@s internal exposure sources are concerned. 
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To summarize, the ICRP believe that control of exposure of 
the population at large is consistent with the following: 
Individual exposure 


(a) Internal somatic and genetic exposure limited by 


limiting release to environment to 1/10 MPC 
(assumed to correspond to 0.5 rem/year if no 
external exposure) 

(b) External somatic and genetic exposure limited by 
limiting dose to 0.5 rem/year if no internal 
exposure 

The number of individuals exposed (1.e., average exposure to 
whole population) 

(c) Limited for genetic exposure - and automatically 
for somatic exposure from external sources and from 
internal sources contributing to gonadal dose - 
by 5 rem/30 years in combination with the individual 
limits above. 

Limited (by "suggestion") for somatic exposure from 
internal sources not contributing to gonadal dose 
by limiting release to environment to 1/30 MPC. 

STRENGTH OF ICRP POSITION ON SOMATIC EXPOSURE 

The strength of the ICRP position is as follows: 

(1) The basic control of internal emitters, genetic 

and somatic exposure, is by controlling the release 


levels to the environment. 





p to 
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(2) For special groups and the population at large alike, 
the basic control is effected through a combination 
of individual limit plus limit on the number of 
individuals so exposed, with an increase in the 
number as the exposure decreases. 

(3) There is no need, therefore, for talking about 
average exposure doses to "small" populations, which 
requires defining not only the nature but the size of 
the group. 

PRACTICAL APPLICATION—RELEASE AT HIGHER LEVELS 

It is evident from the above that the question of sampling a 
population group for exposure, and subsequently inferring something 
about the exposure of the population sampled, does not of itself 
enter into the ICRP recommendations. External dose is controlled 
directly; internal dose by controlling release levels. 

The question is raised, however, as to whether levels of 
release above the ICRP limits are feasible provided sufficient 
sampling of the environment (or of persons exposed) is carried out 
to make sure that the dose limits are not exceeded. This raises 
a statistical question as to what can be inferred from a sample 
in terms of the ICRP individual dose recommendations. 

The answer appears to be that a theoretical statement can be 


made, based on sampling, as to the per cent of the population 
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sampled that would not be expected to have received over 0.5 rem, 


This could also be interpreted as the per cent of the time one 
would be in error if he stated in reference to a particular indi. 
vidual that he had not exceeded 0.5 rem. 













li~ 


APPLICATION OF RADIATION PROTECTION STANDARDS TO 
COMMISSION ACTIVITIES 
In the peaceful uses of nuclear energy, the Atomic Energy 
Commission has responsibility for radiation protection in two 


major areas. These areas are (1) the operation of the Commission's 
















own facilities and (2) the licensed use of certain radioactive 
materials (source materials, special nuclear materials, and radio- 
active materials produced in nuclear reactors). 
The objective of the controls on radiation exposure applied 
to both of these areas of responsibility is to achieve compliance 
with the basic recommendations of the National Committee on Radi- 
ation Protection. 
Except for a very few facilities operated directly by the 
AEC, Commission owned facilities are operated by cost-reimbursable 


contracts with industrial organizations, universities, or groups 





of universities. Such operators are selected and paid to provide 


technical competence and judgment in the various phases of operation, 











including adequate programs of health and safety. Under the terms 
of the contracts, the AEC provides such guidance (including codes 
and standards) as experience indicates desirable to insure that 


objectives of the program are met. Highly specialized organizational 





wits, established to deal with the various technical problems of 


radiation protection, are characteristic of AEC contractor operations. 
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Despite the rapid growth of competence in private industry, 
universities, and various government agencies, a large fraction 
of the competence in dealing with problems of radiation protection 
is to be found in the Commission's contractor organizations. 
Achievement in the field of radiation health and safety by 
the contractor is continuously followed and evaluated by the 
Commission's own organization. Cost-reimbursable contracts 
provide a high degree of flexibility in adjustments of programs 
to meet specific needs and generally assures a strong incentive 
on the part of the contractor to achieve high standards of safety. 
As an example of the formal guidance provided the contractor 
in limiting exposures to radiation, there is attached a copy of 
AEC Manual Chapter 0524, "Permissible Levels of Radiation Exposure.” 
Other issuance Manual Chapters deal with responsibilities of 
various organizational units of the Commission in providing an 
effective health and safety program and with specific matters of 
reports, investigations, records, and transmittal of information. 


Note: AEC Manual Chapter 0524 follows—the statement resumes on p. 518. 





ADVYAECE Corr 
. TH-0000-196 
U. S. ATOMIC ENERGY COMMISSION 
AEC MANUAL 


TRANSMITTAL NOTICE 





CHAPTER 0524 PERMISSIBLE LEVELS OF RADIATION EXPOSURE 





a 


Attached is Chapter 0524 of the AEC Manual, title as above. 


This chapter establishes rules governing the AEC and AEC contractors 
with respect to levels of radiation exposure to be used as the maximum 
permissible occupational exposure for their personnel and other persons 
who may be exposed to radiation originating from AEC operations. 


Personnel engaged in weapons tests at the Nevada Test Site or Eniwetok 
Proving Grounds are not covered by this chapter. Limits of exposure 


for them and the general population are the subject of separate 
authorizations. 


Please file this Chapter in Part 0500, "Health and Safety" of your AEC 
Manual. 


R. W. Cook 
Deputy General Manager 


Jamuary 9, 1958 
Effective: February 1, 1956 


ADVANCE ccPy 





ADVANCE COPY 
U. S. ATOMIC ENERGY COMMISSION 
AEC MANUAL 


Volume: 0000 General Administration AEC 0524-01 
Part: 0500 Health and Safety BM 


Chapter 0524 PERMISSIBLE LEVELS OF RADIATION EXPOSURE 


0524-01 Purpose and Scope 


This chapter establishes rules governing the AEC and AEC contractors with 
respect to levels of radiation exposure for their personnel (exclusive of 
those actually engaged in weapons tests) and other persons who may be ex- 
posed to radiation from AEC and AEC contractor operations, and assigns 
responsibility for compliance with these levels. In those instances where 
a contractor is also an AEC licensee, the contract relationships will not 
exempt him from compliance with this directive and the terms of his license. 
Accordingly, such contractor-licensee will normally be obligated to conduct 
his radiation protection activities under his license in accordance with AEC 
regulation 10 CFR, Part 20, "Standards for Protection Against Radiation." 


0524-02 Policy 


The Commission has adopted the recommendations of the National Committee on 
Radiation Protection and Measurement (NCRP), entitled "Maximum Permissible 
Radiation Exposures to Man," issued by the NCRP, dated January 8, 1957, 


except as modified by d. below. (See Appendix AEC 0524-02-A). 1/ The 
Committee's recommendations 2/ shall be wholly complied with by AEC and 
AEC contractor personnel except that the following instructions shall be 
applied in the interpretation of these recommendations: 


a. Where it is necessary to modify presently existing conditions in 
order to comply with these recommendations for permissible exposure 
and a conversion period has been requested by an appropriate AEC 
official, an applicable conversion period not to exceed five years 
will be determined by agreement among the Division of Biology and 
Medicine, appropriate Headquarters Divisions, and Operations Offices. 


Exposure in excess Of a recommended maximum permissible level does 
not in and of itself constitute an injury in the clinical sense. 


1/ These NCRP recommendations modify the basic standards listed in AEC 
Manual Chapter 0550-051. 


The NCRP recommendations basically applicable to AEC and AEC contractor 
operations are summarized in Appendix 0524-02-F, Table I, "Recommended 
Limits on Exposure to External Radiation," and Appendix 0524-02-G, 
Table II, "Recommended Limits on Exposure to Internal Radiation 
(illustrative examples)." 


January 9, 1958 
TN-0000-198 Effective: February 1, 19% 
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AEC 0524-02 






PERMISSIBLE LEVELS OF RADIATION EXPOSURE 


c. Accumulation of dose for the year 1958, and thereafter until such 
time as the rule may be modified, shall be guided by recommendation 
number 1 of Appendix 0524-02-A which states that the maximum permissible 
accumulated dose in rems at any age, is equal to 5 times the number of 
years beyond age 18, provided no annual increment exceeds 15 rems. 
That is, MPD, 5 (N-18) where N is the “effective age” on December 31 


of any year. 


Effective age shall be taken as the age actually attained 


between April 1 of that year and March 31 of the following year, both 
dates inclusive. It should be noted that proposed regulations of the 
Secretary of Labor prohibit the employment in radiation work by 
industries engaged in interstate commerce of persons below the attained 


age of 18. 


Recommendation Number 1] also states that the value for 


the maximum permissible accumulated dose to the skin (of the whole 
body) is double the value for whole body and critical organs. When 
the dose only to the extremities is concerned, the maximum permissible 
accumulated dose is 75 rems per year. Note also paragraph 9, of 


Appendix 0524-02-A regarding previous radiation exposure experience. 


The previously recommended limits for weekly and 13-week whole-body 
dose are superseded by the provision that not more than one-fourth 


of the 15 rems maximum permissible yearly dose shall be taken in 


one-fourth of a year. 3/ 4/ 


For internal emitters which have the whole body or the gonad as the 


critical organ, the MPC's (Maximum Permissible Concentrations) listed 
in NBS Handbook No. 52 are reduced by a factor of 3. All others 


remain as listed, pending a major revision of the Handbook. 


Routine medical and dental exposures are not to be considered as part 
of the record of occupational exposures. Under extraordinary circum- 


stances, the physician in charge may wish to make some recommendation 


regarding restriction of routine occupational exposure. 


It is recognized that recommendation number 5 of Appendix 0524-02-A 


is wholly acceptable as a statement of philosophy and is endorsed as 
such by the Commission. However, AEC cannot influence the quantity 
of radiation received by the population as a whole from all sources 
of radiation, but can exercise control over the release of radioactive 
materials to the general environment from AEC operations. Therefore, 
when the exposure of population groups outside of controlled areas is 
considered, radioactive effluents from AEC operations shall not be 
released to the environment in amounts which might bé expected to 


expose such members of the general population to more than an average 


This recommendation proposed by the NCRP Executive Committee at its 


November 18, 1957, meeting is adopted in advance of formal approval 
and issuance by the Main Committee. It is noted, therefore, that if 
there are differences between the proposed and approved recommendation 
it may be necessary to make appropriate amendment to the provisions of 


this Chapter. 


V Limits of exposure of personnel involved in the actual conduct of weapons 
tests in Nevada or in the Pacific Proving Ground are the subject of 
separate authorization. 


January 9, 1958 
Effective: February 1, 1958 
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PERMISSIBLE LEVELS OF RADIATION EXPOSURE AEC-0524-03 


whole vody dose of 0.5 ren 3/ §/ per year or to an righ pny 
concentration of radioactive materials in air >On sce) ecm 
than 1/10 of the maximum permissible concentrgpious (MEP 
mended by the NCRP for occupational expos ame 
@ reasonable expectation that the average radiation dose to any 
individual in a population group outside of controlled areas 
might approach either of the above limits, adequate radiation 
measurenents shall be made in those areas so occupied. 


0524-03 Responsibilities. 


031. Directors of Divisions and Offices, Headquarters, oo 
ble for interpreting and spplying the instructions of Section 0524-02 
above to AEC employees ani Operations Offices under their Jurisdiction. 


032 Managers of Operations are ible for interpreting and 
applying the instructions of Section 0524-02 above for permissible 
exposure to radiation so that those operations under their jurisdiction 
shall fully comply with these instructions and shall maintain ea level 
of performance consistent with then. 


5/ Since maximum permissible occupational exposure cr‘eria are herein 
applied in accordance with recommendation Mumber 4 of Appendix 
0524-02-A, radiation exposures from necessary medical and dental 
procedures shall not be allowed for in the determination of this 
average whole body dose. 


The value 0.5 rem is consistent with the suggestion in paragraph 12 
of Appendix 052h-02-A. 


Limits of exposure of the population from weapons tests in Nevada 
or in the Pacific Proving Ground will be the subject of a separate 
authorization. 


January 9, 1958 
Effective: February 1, 1958 
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MAXIMUM PERMISSIBLE RADIATION EXPOSURES TO MAN 


A Preliminary Statement of the 


National Committee on Radiation Protection 
and Measurement 


Jamary 8, 1957 
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AEC Appendix 
05 24-02=58 a RE ____PERMISSIBLE LEVELS OF RADIATION EXPOSURE 


Jarmary 8, 1957 
MAXIMUM PERMISSIBLE RADIATION EXPOSURES TO MAN 


A Preliminary Statement of the 
National Committee on Radiation Protection 
and Measurement 


INTRODUCTION 


Since the publication of NBS Handbook 59 on Permissible Dose from 
External Sources of Ionizing Radiation, the National Committee on Radia- 
tion Protection and Measurement (NCRP) has continued the study and review 
of its recommendations, particularly with respect to genetic effects and 
the possible shortening of average life expectancy due to radiation 
exposure of a larger fraction of the population. The NCRP proposals 
resulting from these studies had an important influence on the decisions 
reached by the International Commission on Radiological Protection (ICRP) 
in Geneva in April 1956, which resulted in a general lowering of the 
maximum permissible accumulated dose (MPD) for occupational radiation 
exposures, as well as for exposures of the population as a whole. These 
changes are in accord with the informal agreements reached by the ICRP 
in Stockholm in 1952. 


The NCRP has now agreed upon the formmlation of revised recommenda- 
tions on maxinmm permissible doses which integrate the national and inter- 
national views for practical application. The Committee is pleased to 
nete that the findings of the ICRP are reinforced by the important informa- 
tion and data provided in the subsequent reports of the National Academy of 
Sciences and the British Medical Research Council. 


The changes in the accumlated MPD are not the results of positive 
evidence of damage due to use of the earlier permissible dose levels, 
but rather are based on the desire to bring the MPD into accord with the 
trends of scientific opinion; it is recognized that there are still 
many uncertainties in the available data and information. Consideration 
has also been given to the probability of a large future increase in radia- 
tion uses. In spite of the trends, it is believed that the risk involved 
in delaying the activation of these recommendations is very small if not 
negligible, Conditions in existing installations should be modified to 
meet the new recommendations as soon as practicable, and the new MPD limits 
should be used in the design and planning of future apparatus and installa- 
tions. Because of the impact of these changes and the time required to 
modify existing equipment and installations, it is recommended on the 
basis of present knowledge that a conversion period of not more than five 
years be adopted within which time all necessary modifications should be 
completed. 


DEFINITIONS 


For the purposes of this preliminary statement, the following tenta- 
tive definitions are given: 


January 9, 1958 
Effective: February 1. 1958 TN-0000-198 
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Controlled Area: A defined area in which the occupational exposure 
of personnel to radiation or to radioactive material is under the super- 
vision of a radiation safety officer. (This implies that a controlled 
area is one that requires control of access, occupancy, and working 
conditions for radiation protection purposes.) 










Workload, The output of a radiation machine or a radioactive source 
integrated over a suitable time and expressed in appropriate units, 
















Cocupancy Tar: The factor by which the workload should be milti- 
orre 


plied c ct for the degree or type of occupancy of the area in ques- 
tion. 


RBE Dose. RBE stands for relative biological effectiveness. An RBE 
dose is the dose measured in rems, (This is discussed in the forthcoming 


report of the International Commission on Radiological Units and Measure- 
ment. ) 






MPD RECOMMENDATIONS FOR OCCUPATIONAL 
CONDITIONS (CONTROLLED AREAS) 


1. ACCUMULATED DOSE. The maximum permissible accumulated dose, in 
rems, at any age, 15 equal to 5 times the number of years beyond age 18, 
provided no annual increment exceeds 15 rems. Thus the accumlated MPD = 5 
(N=18) rems where N is the age and greater than 18. This applies to all 
critical organs except the skin, for which the value is dotble. 


2. WEEKLY DOSE. The previous permissible weekly whole-body dose of 
0.3 rem, and the L5-week dose of 3 rems when the weekly limit is exceeded 
are still considered to be the weekly MPD with the above restriction for 
accumulated dose. 










3. EMERGENCY DOSE. An accidental or emergency dose of 25 rems to 
the whole body, occurring only once in the lifetime of the person, shall 
be assumed to have no effect on the radiation tolerance status of that 
person, (See National Bureau of Standards Handbook 59.) 




























. MEDICAL DOSE. Radiation exposures resulting from necessary 
medical and dental procedures shall be assumed to have no effect on the 
radiation tolerance status of the person concerned, 





MPD RECOMMENDATIONS FOR THE 
WHOLE POPULATION 


5. The maximum permissible dose to the gonads for the population 
of the United States as a whole from all sources of radiation, including 
medical and other man-made sources, and background, shall not exceed 

14 million rems per million of population over the period from concep- 
tion up to age 30, and one-third that amount in each decade thereafter. 
Averaging should be done for the population group in which cross- 
breeding may be expected. 





January 9, 1958 
TN-0000-198 Effective: February 1, 1958 
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RECOMMENDATIONS FOR INTERNAL EMITTERS 


6. In controlled areas, the permissible radiation levels for internal 
emitters will conform to the general principles outlined above. Where the 
critical organ is the gonad or the whole body, the maximum permissible 
concentrations of radionuclides in air and water will be one-third the 
values heretofore specified for radiation workers, Where single organs 
other than the gonads are regarded as the critical organ, the present 
maximum permissible concentrations will continue. For individuals out- 
side of controlled areas, the maximum permissible concentrations should 
be one-tenth of those for occupational exposures. (Other changes in the 
maximum permissible concentrations for radionuclides may be introduced 
because of additional information developed since the publication of 
National Bureau of Standards Handbook 52.) 


DISCUSSION OF REVISED RECOMMENDATIONS 


7. The MPD for occupational exposure is based on the absence of 
detectable injury to the individual, It remains at its present level 
of 0.3 rem/week for the whole body, Where the dose in any week exceeds 
this value, a dose of 3 rems in 13 weeks may be accepted, The 13-week 
period may start at the beginning of the calendar quarter or the beginning 
of the week during which the permissible weekly dose was exceeded. 


8. The rules given in Handbook 59 will be continued for operational 
and administrative purposes, but some of the rules will be modified by 
provisions related to an average yearly limitation of occupational 
exposure to external sources of ionizing radiation of 5 rems to the 
blood-forming organs, gonads, and lens of the eyes, and of 10 rems to 
the skin. The use of "5 rems" in the statement of the revised rules is 
for the purpose of design and administration. The critical limitation 
will be that defined for the total accumlated dose in paragraph 1 above, 


9. If a person's occupational exposure is documented or otherwise 
known with reasonable certainty, he may be permitted to use his reserve 
exposure in accordance with paragraphs 1 and 2 above. In all other cases, 
he shall be assumed to have received his maximum accumlated dose as 
indicated in paragraph 1 above. 


10. It is considered that with the current and proposed low levels 
of occupational exposure, it is presently not necessary to make special 
allowance for medical exposure in conjunction with occupational exposure. 
This consideration may later become important. The effects of medical 
exposures have long been considered by this Committee to be the responsi- 
bility of the attending physician; it is his responsibility to evaluate 
medical radiation exposure in relation to the health of the individual. 
(See National Bureau of Standards Handbook 59.) 


January 9, 1958 
Effective: February 1, 1958 
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11, In the determination of the population dose in the vicinity of 
radiation sources, proper consideration should be given to occupancy 
factor and to workload. The exposure of individuals outside of controlled 
areas may be integrated over periods up to one year, 


12, While at the moment it is not feasible to determine the average 
exposure for the population with any reasonable accuracy, the adoption 
of some figure is necessary for planning purposes, For the immediate 
future, it may be assumed that the total integrated RBE dose received 
by all radiation workers will be small in comparison with the integrated 
RBE dose of the whole population. Furthermore, persons outside of 
controlled areas, but exposed to radiation from a controlled area, 
constitute only a small portion of the whole population. Therefore, if 
this small portion is assumed to receive yearly an average per capita 
dose of 0,5 rem, the total dose to the whole population from man-made 
radiations is not likely to exceed 10 million rems per million of popula- 
tion up to age 30, (This assumes a dose of |; million rems per million of 
population over this age period from background radiation.) 


JERIRHHHEHHHHHEHRHHHHHHHE 


January 9, 1958 
Effective: February 1, 1958 
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Table I. RECOMMENDED LIMITS ON EXPOSURE TO EXTERNAL RADIATION 


NATIONAL COMMITTEE ON RADIATION PROTECTION & MEASUREMENT 
PREVIOUS NEW 


Critical organs -3 rem/week ---- a/ 
(includes the whole 3 rems/quarter a/ ---- b/ 
body, blood forming 15 rems/year b/ rems/year c/ 
organs, gonads, rems/year d/ 
lenses of the eyes) 


Skin (whole body) -6 rem/week w--- a/ 


30 rems/year b/ rems/year d # 


rems /year 


rems/year f/ 


INON-OCCUPATIONAL 
Individuals in 1.5 rems/year -5 rem/year (average) 
vicinity of con- 
trolled areas a/ 


neral populations 45 = rems/0-30 yrs. 10 rems/0-30 yrs. 
(average exposure to (1.5 rems/year) (3.3 rems/decade 
gonads above background after age 30) 
from all sources) 


Exposure result- If .3 rem/week a/ It is expected that ; 
ing from plant is exceeded. modification of the NCRP 
operation, not Assumes 50 work- recommendations will re- 
including back- weeks per year. sult in the dropping of 
grouné or medical a weekly limitation. 
exposure. It is expected that mod- 
ification of the NCRP 
recommendation will re- 
sult in the establishment 
of the quarterly limit at 
3.75 rems. 

Average dose/yr. lifetime 
occupational. 

Maximum in one year. 
Double the MPD for 
critical organs. 


Assumes 50 workweeks per 
year. 


2 SE 


w 


January 9, 1958 
Effective: February 1, 1958 
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Table II. RECOMMENDED LIMITS ON EXPOSURE TO INTERNAL RADIATION 
(ILWWSTRATIVE EXAMPLES) 


NATIONAL COMMITTEE ON RADIATION PROTECTION & MEASUREMER 


ma - =| 


Adult Skeleton 0.1 ue Ra-226 
1.0 uc Sr-90 


hole Body & Gonads 15.0 we Na-2h 
10* ue H-3 


NON-OCCUPATIONAL 
Skeleton 


1.5 we Na-2h 
105 wc H-3 
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THE LICENSING AND REGULATION PROGRAM 
ae In adopting the Atomic Energy Act of 1954, Congress placed > 
upon the Atomic Energy Commission the responsibility for 
regulating private atomic energy activities through a system of 
licensing so as to protect the health and safety of the public, 
The principle safety consideration with respect to uses of atomic 
energy is protection against excessive exposure to ionizing 
radiation, The existence and fundamental nature of radiation 
hazards were well understood when the Act was adopted and the need 
to protect against such hazards was emphasized throughout the Act, 
It thus became necessary for the Commission to translate 
the knowledge and experience gained from its own operations and 
that of others into regulatory standards which would govern the 
licensing program for protection of atomic workers and the public. 
The recommendations of the ICRP and the NCRP concerning radiation 
exposure standards have been particularly valuable and the work 


of these groups has been of great assistance in developing 


regulations and procedures by means of which the basic radiation 
standards can be effectively employed in the control of atomic 
energy activities. 

#In establishing its regulatory program, the Commission has 
undertaken to avoid a rigid pattern of fixed codes and detailed 
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specifications for materials, equipment and operating procedures which might 
in practice prove unworkable or hamper development of new techniques and 
devices in this new field and has, instead, sought to permit the maximum 
feasible degree of flexibility in its controls consistent with safety by establish- 
ing performance standards which must be adhered to. At the same time, it is 
a matter of good regulatory practice to spell out in the regulations specific 
numerical values as to radiation standards so that licensees are not subject 


to individual interpretations as to their compliance with the regulations, 


ed The Act provides for a comprehensive system of safety 

t controls of the materials and facilities essential to peaceful 
uses of atomic energy. The materials which are subject to AEC 
licensing controls are delineated in the Act as special nuclear 
material (U-235, U-233, Pu), source material (natural uranium and 

> thorium) and byproduct material (radioisotopes) and the facilities 

on 


are defined as production or utilization facilities for special 
nuclear material. The Act was concerned with the peaceful and 
private development of the atomic energy field which had ita. 













- origin in the wartime atomic energy project. Accordingly, the Act 
does not deal with materials previously used, such as radium, or 
with other facilities emitting ionizing radiation, such as x-ray 

128 


machines which- still represent the major source of radiation 
exposure, 
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The Commission's regulations designed to establish a 


radiation safety program for protection of the health and safety 
of the public are: 


10 CFR Part 20: Standards for Protection Against Radiation. 

10 CFR Part 30: Licensing of Byproduct Material. 

10 CFR Part 40: Control of Source Material. 

10 CFR Part 50: Licensing of Production and Utilization 
Facilities 

10 CFR Part 55: Operators! Licenses. 

10 CFR Part 70: Special Nuclear Material. 

10 CFR Part 71: Regulations to Protect Against Accidental 


Conditions of Cytiticality in the Shipment of Special Nuclear 
Material. 


Basically, the regulations uire that-- 

(a) Bach licensee or his st must be qualified by training 
and experience to possess and use the material or facility safely 
for the purpose for which it is licensed. 

(bd) Equipment and facilities of each licensee must be appropri- 
ate to protect health and minimize danger to life and property. 

(c) The location of the proposed activity must be suitable for 


the 


purpose. 
(ad) The material or facility may be used only for a purpose 
authorized in the license. 


(e) The material or facility may not be transferred except to 
persons authorized to receive it. 

These regulations also serve as the basis for the AEC's 
licensing program which provides for examination of a proposed 
activity before a license is issued and for its inspection program 
which provides continuing surveillance of the activity. The 
principle purpose of the licensing procedure is to enable the 
Commission to make a determination that the applicant wiil be able 
to comply with applicable regulations including, in particular, 
Part 20. The applicant is required to describe his proposed 


activity, the processes involved, equipment to be used, the 
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operating procedures, technical qualifications of personnel, 
radiation safety procedures and monitoring devices. The objective 
of this evaluation procedure is to provide licensees latitude in 
designs and processes in conducting atomic energy activities but, 
at the same time, to insure that the performance standards of 
radiation protection will be maintained. This procedure permits 
the imposition of specific conditions in licenses for uses on 
which either a body of experience has not been gained or where 
experience indicates certain aspects require special limiting 
provisions. 

The Commission's basic regulation dealing with radiation 
protection is 10 CFR Part 20, "Standards for Protection Against 
Radiation." It applies to all persons who receive, possess, use, 
transfer or dispose of source, byproduct and special nuclear 
material or who operate production or utilization facilities. 
This regulation establishes both technical standards and 
precautionary procedures. 

The technical standards include numerical values for 
radiation doses that individuals may receive, for radiation 
levels in unrestricted areas and for concentrations of 
radioactivity in air and water, and specify permissible methods 
and concentrations for the disposal of waste materials. By 
providing technical standards, licensees are informed of the 


bases on which their designs and processes must be predicated, 
their applications will be judged and their compliance with 
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regulations will be determined. 

The precautionary procedures are established to help assure 
compliance with the technical standards. They define what is 
required for a radiation protection program and include require- 
ments for personnel monitoring, performarce of surveys, posting 
of areas and labeling of radioactive materials with standardized 
radiation signs, instruction of personnel, storage of material 
and maintenence of records of materials handled and of radiation 
survey and radiation exposure data. 


This basic regulation was developed to take into account 


three somewhat diverse elements which the Commission's regulatory 


responsibility involves. (a) Because the atomic energy program 
is still in the early stages of evolution, detailed specifications 
as to designs, processes and procedures would be unduly restrictive 
and burdensome and would continually require revision. It does 
not suffice to specify or certify a design; it is necessary to 
require that misuse, malfunction or deterioration be guarded 
against. Accordingly, the regulation represents the performance 
standard concept under which licensees have latitude to develop 
new techniques, equipment and uses of the peaceful applications of 
atomic energy so long as radiation exposures are within the 
standards specified in the regulations. (b) At the same time, the 
Commission has a responsibility to insure that the freedom of the 
performance standard concept is coupled with a current and con- 


tinuing radiation protection program which provides information 
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regarding activities that are being carried on and which also 
provides for a program of prevention rather than cure. Thus, for 
example, standardized requirements have been established for 
posting and labeling so that a safety habit is established, 
radiation areas are always marked and the warning signs used are 
universally recognizable. In addition, the requirement for 
radiation monitoring both establishes current surveillance as a 
practice and also provides early information if trouble should 
develop. (c) In addition to providing guidance to licensees as 
to good safety practices which should be used, the Commission 



























believes that, in fairness to the licensees and to the public, it should inform 
licensees of the bases on which their applications will be judged 
and their compliance of the regulations will be measured. Thus, 
the performance standards must be defined with sufficient 
specificity that a licensee can judge his conformity with the 
regulations and is not subject to variable, individual inter- 
pretations. 





Although such specificity may appear to represent an 
abridgement of the freedom of the performance standard concept, 
the Commission believes that it is better to inform the licensee 
of beforehand than to wait until unnecessary exposures have occurred 
as a result of misunderstanding how the performance standards 
should be interpreted. é 

As indicated earlier, the recommendations of the NCRP are 


the basis of the Commission's radiation protection standards. It 
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has been necessary, however, to translate the technical 
recommendations of the NCRP into a document suitable for 
regulation of an industry. This transcription serves not only 

to notify the licensee of the specific interpretations of the 
standards under which his activities must be conducted but also to 
establish uniformly for all licensees the conditions under which 
they are obliged to operate. It is recognized that such a trans- 
cription tends to impose a rigidity not contemplated in the basic 
recommendations and to give the impression that any variation 
represents a serious violation. The aternative, however, would 
be undesirable from the saféty standpoint where licensee 
interpretation, perhaps influenced by circumstances of the moment, 
might lead to unnecessary exposure and would be unacceptable from 
the regulatory standpoint since license issuance and enforcement 
action for violations could become a matter of individual opinion, 
variable with time, place and attitude. Accordingly, the 
Commission has undertaken to develop regulations in concert both 
with the NCRP and licensees with the objective of establishing 
definitions or specific interpretations which will permit 


licensees to conduct their activities with ea knowledge of what is 


expected of them with a minimum of case by case determination, and 
the inherent resultant delays, but always within the boundaries of 
the basic radiation standards. 

The specificity thus achieved is almost essential in certain 
fundamental instances. For example, the basic radiation standard 
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relates to exposure to a particular organ. The exposure of 
particular organs resulting from ingestion or inhalation of 
radioactive materials is not determined by direct measurement but 
must be inferred through sophisticated considerations of the 
chemical nature of a particular radioisotope, its radiation 
characteristics and the physiology of the human body. Few 
licensees would be capable both as to competence and as to 
financial resources to make such evaluations. Accordingly, the 
NCRP has developed values which are referred to as maximum 
permissible concentrations by which organ exposures are related to 
concentration levels for individual radioisotopes thereby providing 
reference values in terms of measurements which licensees can make 
with standard radiation monitoring equipment. Thus such 
specificity in transcribing the basic standards into a regulation 
provides a necessary practicable guide for licensees. | 

In developing this basic regulation, the Commission has 
recognized that it is dealing with an industry which is of a 
continuing and growing nature and that this regulation which limits 
radiation exposure must provide a safety factor which recognizes 
the long-term aspect. Thus, the maximum permissible concentrations . 
are set not at a level where employees might reach the basic dose limits for 


critical organs in a short period of time and thereafter 


be excluded from further employment but are set so that only after 


a lifetime of exposure at these levels would the dose limits specified in the 


basic standards be received, 
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While this approach is a conservative one, it provides a 
safety factor in that it avoids the condition where occasional 
instances of exceeding set levels represents a serious problem 
requiring immediate drastic action. Instead of setting these 
concentrations on the basis of, say, exposure for a year rather 
than exposure for a lifetime and then imposing lower values on a 
case by case basis when the need for restrictions arises, the 
Commission has adopted the more conservative approach because it 
provides a trip-wire warning rather than an after-the-fact alarn, 
This approach is also consistent with the objective of keeping 
radiation exposures to a minimum so that the so-called "maximum 
permissible" values are considered more of a ceiling than an 
objective even though licensees are entitled to know what levels 
will be permitted. In addition, the public is entitled to know 
that all licensees are operating under a uniform and conservative 
standard and that there are not numerous exceptions and special 
cases which would create confusion and impose an added burden on 
the regulatory staff to the detriment of public health and safety 

The approach has also been adopted in recognition of the 
likely growth of the atomic industry and the fact that some 
radioactive materials will inevitably be discharged to the 
environment. Accordingly, effuents are limited on the basis of 
continuous (168 hours/week) exposure for a whole lifetime at levels 
which are about 1/30 of those applicable to workers in the atomic 
energy field. The control point for effluent concentrations is at the point of 


discharge from the licensee's premises and it must be shown that there 
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is an adequate safety factor through subsequent environmental dilution before 





releases at higher concentrations may be authorized. This approach is based 





on recognition that we are dealing with an industry involving numerous licensees 
and that effluents from several may commingle. Accordingly, the 
limits are based on concentrations so that commingling does not 
create an additive effect at junction points. 
The Part 20 radiation standards regulation currently in 
effect was issued in January 1957 and was based on the 
recommendations of the NCRP as published in NBS handbooks 52 and 
59. Since that time, additional work by the NCRP has led to more 
recent recommendations in 1958 and 1959 and these have been 
incorporated in proposed revision of Part 20 which was published 
in May 1959 for public comment. The revision would lower 
















radiation dose limits to 1/3 of the current values and would 
establish a procedure whereby radiation workers in activities 
licensed by the Commission would be provided records of their 
cumulative exposure experience, 








iv In addition to publiation in the Federal Register, the 
proposed amendments were distributed directly to all AEC licensees 
(7500), and others, for comments and suggestions thereon. 
Comments on the proposed amendments have been received from 
approximately 150 persons and organizations, most of them AEC 
vels licensees in the fields of medical, research, and industrial uses 
ic 


of radioactive materials. The comments are meaningful as 


reflecting the views of members of the public who would be most 
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directly affected by the proposed amendments. They were submitted, however, 


in response to AEC's request for comments on the amendments in their entirety 


rather than on the radiation dose limits alone, 

The comments, as a whole, covered a wide variety of factors, 
but most were in the form of suggestions for drafting changes, 
Less than 20% addressed themselves to the proposed dose limits. Of 
. these, several favored the lower permissible dose and concen- 
tration levels as being more desirable than those presently in 
effect, and indicated that no special problems were foreseen in 
complying with them; the majority, however, indicated their 
objection on several counts, Broadly, the objections are of two 
categories. The first includes objections to any general lowering 
of permissible dose and concentration levels. The reasons cited 
are that (a) experience thus far under the present levels has 
disclosed no evidence that they are unsafe, and consequently there 
is no present need for more restrictive levels; (b) present 
methods and procedures in the field of radiation measurement are 
not sufficiently sensitive to meet the requirements of the proposed 
lower levels; and (c) the more restrictive standards proposed would 
inevitably impede research, training and manufacturing operations, 
and would otherwise inhibit the growth and development of the 


peaceful uses of atomic energy. 
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Comments in the second category were concerned not so much 
with the more restrictive standards but rather with their 
application in the regulation. 











There is the view that while the 
NCRP recommendations are of great value for scientific purposes, 
they are not considered to be adaptable to rule-making. There 
were also suggestions to the effect that the standards should be 
prescribed in the form of guides or recommendations rather than as 
firm, mandatory rules. 


Most of the comments were addressed to the administrative 
procedures required by the proposed amendments. In the main, 
these related to the keeping of records and the preparation and 
Some felt that the main- 










ing submission of reports to employees. 


tenance of more detailed exposure records on all personnel for 












id 
whom monitoring would be required could be excessively burdensome 
ere and, further, that the requirement that licensees furnish exposure 
data to employees may not achieve the objective desired. There 
re were a number of constructive suggestions for changes in the 
posed administrative requirements which would simplify the recording 
would and reporting requirements. 
ons, Our experience with regard to radiation levels in licensed 





activities is that exposures generally are well under the current 
values and also under the reduced levels in the proposed revision 


of Part 20. 





Detailed statistics have not been accumulated from 
the thousands of individual licensees as are readily available 






from the large AEC installations but observations in the course 
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licensing evaluations and inspections of licensees do not reveal 
a pattern of operation with exposures at the maximum permissible 
values, but rather experience such as found in AEC facilities. 
Accidente or malfunctions occasionally give rise to a one-time 
overexposure but the exposures are usually not greatly over 
limits in the regulation nor do they involve a large fraction of 
the particular work force. The large majority of violations of 
regulations relate to the precautionary procedures requirements. 

The experience to date indicates that industry generally 
Gesigns for a minimum of radiation exposure or effluent release 
and sets itself target levels below those in the regulation as a 
matter of practice, The new values in the proposed regulation may give 
rise to more instances of overexposure violations simply because the 


trip-wire level has been lowered, 
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THE INSPECTION PROGRAM 

Recommendations such as those of the NCRP and ICRP have 
provided a foundation upon which the AEC and other regulatory 
agencies would base their regulations. 












It appears to us that 





even though there may be some problems of interpretation of 
regulations containing the NCRP recommendations, it is worthy to 
note that the AEC regulations and the related regulatory program 
have proven to be valuable in the protection of the health and 





safety of the public, the licensee, and his employees. It would 
appear that if one would compare results of health and safety 

practices of licensees based on AEC regulations, to those in the 
X-ray or radium industries, one would find generally lower 














exposures to persons by licensees. It alad.would appear that the 
AEC regulatory program has encouraged and promoted safe radiation 
practices within the X-ray and radium industries. 
Since the AEC incorporated the NCRP recommendations into 
its 10 CFR 20 regulations, these recommendations have been the 
basis (along with other AEC regulations and license conditions) 
upon which the Division of Inspection carries out that portion of 
its responsibility concerning the inspection of AEC licensees. 
It appears a matter of fact that the NCRP did not intend its 
recommendations to be placed in regulations since the recommen- 
dations were based in part on opinions of experts and on 
theoretical calculations, and specifically were intended to be 


as flexible as possible yet encompass safe radiation practices. 
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Scientific evidence has not been available to vertify some of the 
recommendations; as this evidence is obtained, the recommendations 
change to reflect current scientific opinion. 

In the course of its work with licensees, the Division of 
Inspection has noted a number of practical problems, primarily 
technical in nature, that arise in interpretation and application 
of current regulations. The regulations specify firm numerical 
limits to radiation exposure, radiation levels, and concentrations 
of radioactive materials in the air and water. In the case of 
radiation exposure, practical problems arise i the use, for 
example, of film badges. The blackening of photographic film ina 
badge can be due to X-rays, beta rays, gamma rays, neutrons, or 
any of the several combinations thereof. While there are devices 
to aid in distinguishing one effect from another, the relation of 
the blackening of a photographic film to actual radiation exposure 
is a difficult technical problem and one in which errors are 


difficult to estimate. In addition, the actual processing of the 
film prior to interpretation is an important operation and one not 
as yet standardized. Other technical problems in this general ares 
are associated with techniques of sampling and analysis for 
presence of radioactive material in air and water. 


The existence of these problems means that it is difficult to 
interpret and apply the regulations fairly, and equally difficult 
for a licensee to reflect his true operational status. 





The Division of Inspection gathers and reports information 
concerning licensee compliance with the regulations. Whenever 


Inspection personnel observe on the basis of experience that a portion of the 


regulation does not appear to be justifiable in the interests of radiation safety, 


this matter, with recommendations, is brought to the attention of appropriate 
AEC officials. This Division has the opportunity to gather information that 


will assist in determining whether or not our regulations are effective and adequate. 





RESEARCH PROGRAM IN BIOLOGY AND MEDICINE RELATED TO 
RADIATION PROTECTION STANDARDS 


The Atomic Energy Commission's operations involve the 
production and handling of millions of ouries of radioactivity, 
Associated with these operations are actual and potential exposures 
to radiation. In recognition of the potential hazards of such 
exposures, the Manhattan Engineering District and the Atomic Energy 
Commission have from the beginning conducted research programs 
designed to enhance basic understanding of the nature of these 
exposures and of the associated biological risk. 


The present biomedical research program of the Atomic Energy 
Commission is conducted through the Division of Biology and 


Medicine. The general objectives of the program are as follows: 

1. Increased knowledge ef the biological effects of 
radiation, both from the point of view of empirical relationships 
between radiation dose and radiation effects and from the point of 
view of understanding the mechanisms by which radiation injury is 
produced, in order to provide basic information to those concerned 
with developing radiation protection standards. 

2. The development of increased information useful in the 
control of biological hazards of radiation, either through mini- 
mization of exposure or protection against biological effects. 

3. The development of information of a toxicological 
nature on those chemicals unique to the atomic energy program or 
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Lawrence Radiation Laboratory - Berkeley 
University of California at Los Angeles 
Hanford Atomic Products Operations - GE 
Health and Safety Laboratory, New York 
Los Alamos Scientific Laboratory 

Oak Ridge National Laboratory 

University of Rochester 

University of Tennessee 

University of Washington 


It is to be kept in mind that in many instances it is almost 
impossible to distinguish between biomedical research directed 
toward understanding a biological process using radiation as a 
tool and research directed toward understanding the effect of 
radiation on biological systems and the movement of radioelements 
in biological systems, Radiation protection standards can be 


regerded as a codified guide to the use of radiation in situations 


involving potential exposure and hence potential biological damage, 


All of that portion of AEC's biomedical research program having in 
some way to do with the relationship between radiation and an 
associated biological effect and the movement of radioelements in 
ecosystems and in individual plants and animals should be regarded 
as research relating to radiation protection standards. 

The Atomic Energy Commission does not of itself develop the 
basic recommendations regarding radiation protection. This is 
done primarily by the NCRP and ICRP. Development of such recom- 
mendations requires not only biological effects data but related 
data on measurement techniques, shielding, dosimetry, etc. All 
of these types of data srise in large part in the United States 


from AEC-sponsored research, 
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Out of this large research program sponsored by AEC comes 


data relating (1) to the basic nature of the hazard, (2) to its 


control, and (3) to therapeutic measures for exposures already 
undergone. The purpose of all of this information is to assure 
that radiation protection standards will be as realistic as 
possible, 

It is AEC policy that the results of research conducted by 
its contractors be reported fully and promptly to the AEC. It is 
also AEC policy to authorize and encourage its employees and con- 
tractors to submit their unclassified research findings to estab- 
lished scientific and technical journals for publication. Although 
university contract provisions requiring submission of reports 
vary, there is always a requirement that a formal annval report 
be submitted to the Division of Biology and Mecicin:. These 
reports are frequently in the form of a manuscript for publication 
ina scientific journal. Recurring reports are also received from 
on-site research contractors and the national laboratories. These 
are prepared and distributed in accordance with standard distribu- 
tion lists for scientific and technical reports, and also appear 
in the scientific journals. Items of particular interest received 
from time to time from Division of Biology and Medicine contractors 
are published in the Commission's Annual Reports to Congress, which 
are available to the public, 
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A summary of estimated research costs in FY 1960 of the Division of Biology 
and Medicine is presented below, Listing of individual research projects relating 


to radiation protection standards appears as Appendix J. 











TABLE I 


SUMMARY OF RESEARCH PROGRAMS 
"IN BIOLOGY AND MEDICINE — 







Fy 1960 
Table I PROGRAM ACTIVITIES RELATED TO RADIATION 
eeeeeeeeeeeeesereeeeeees $37,548,236 


Research Related to Radiation Standards of 
Permissible EXPOBUTC cccccccccecesesesscececes 










21,694,736 





Research Involving Environmental 

COTIGUMAMEULON g 0066060066660 60bb bec 0 CC CR CeECS O41 ‘00 
a. Fallout Studies eeeeeeeveveeeeaeeeeeeee ST GOD 
b. Ecology, Marine Sciences, Waste 

Disposal, Micrometeorology.cccoccsees 







2,404,700 












Research Related to Treatment of Radiation 


Injury and Alteration of Radiation Effects... 2,356,200 







Radiological Physics, Radiation Protection, 
Instrumentation and Measurement ...ececess*«+ 6,455,600 





Table ITI 






RESEARCH ACTIVITIES NOT DIRECTLY RELATED TO 
THE DEVELOPMENT OF RADIATION STANDARDS ....-. $11,451,764 





Research in Chemical Toxicity and other 
Biomedical Problems eeeeeceoeeeev ees eee eeseeeen eee 1,266,000 









Cancer Research e@eeeeeeeeeeoeeoeeeeveeeeeeeeeeee 4,631,000 


Research on Radioactive Tracer Techniques and 
Other Beneficial Applications of Atomic 


Enefgy eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeees 5,554, 764 


Total Research ae 
Total Research Program .sccccccecvecees $49,000,000 
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PROBLEMS OF PUBLIC UNDERSTANDING 

Wider and better public understanding of nuclear radiation 
standards, of their application and of their underlying philosophy 
is an important necessity for the successful development of the 
beneficial uses of atomic energy. At present, only a limited 
number of persons, most of whom are working in the field, 
understand this subject in detail. Increasing numbers of the 
general public will become exposed or be subject to potential 
exmorure to man-made nuclear radiation as sources multip.., and 
the necessity of adequate communication between experts on 
radiation standards and the public is becoming increasingly urgent 
iY misunderstanding is to be prevented from barring desirable 
hunan progress. 

The number of years required to achieve broad public 
understanding of a new scientific concept varies, of course, with 


the complexity, but we have in our own experience evidence of 


long lags in realizing well-informed comprehension. For example, 


there undoubtedly are many people who would find it difficult to 
define electricity today, or to explain how an electric motor 
works, although electricity has been widely used for several 
decades and the average person in this country makes use of 
electric appliances daily. Similarily, many airline passengers 
could not explain what keeps an airplane in the air, and few 
indeed are the television viewers who could explain how the sound 


and picture come into their homes. Despite lack of knowledge of 
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the technical principles underlying production of electricity, 
propulsion of heavier than aif craft, electronic communication or 
other products of our technology, most people have a reasonably 
good idea of the benefits and hazards involved in the use of such 
products. 

Even though several decades probably will pass before a very 
substantial fraction of the population gains a detailed knowledge of 
nuclear energy, it should be possible, within a much shorter 
neriod, to increase vastly the public understanding of the kinds 
and magnitudes of risks associated with radiation and what is 


gained for society by undertaking the risks. Just as people need 


not be electrical engineers to have some understanding of the uses 
and hazards of electricity, they need not be nuclear physicists to 
unéerstand radiation hazards in general terms. An understanding 
of the basic considerations underlying radiation standards is 
essential for such public understanding. 

The question which most members of the public most often 
want answered about the uses of radiation is the apparently simple 
one; "Are they safe"? This is a question stated in absolute terms 
but the only meaningful answer is in the relative terms of the 
degree of possible hazard. No human activity is absolutely safe, 
and it would be impossible to make it so. The question is whether 
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the hazards which may reasonably be expected to result from an 
activity are acceptable to an individual or a group, in balance 
with the expected benefits. The concept of the relative nature 
of risks is applied by everyone in almost every act of daily life, 
but it has been Gifficult for this concept to gain more than 
limited acceptance in consideration of radiation hazards. The 
reasons are complex, but some of the principal factors involved 
probably are the following: 

1. The initial use of nuclear energy as a means of 
unprecedented destruction, and the continuing fear of 
such use, colors the thinking of a great many people. 
They find it difficult to separate the beneficial uses of 
radiation from this background of m‘litary use. 

Since radiation is relatively new anc scsterious to most 
people, there is a natural tendency to think of it in 


absolute, back-or-white terms. The frequent use of such 


phrases as “deadly radiation" is an evidence of this. 


Many things which people use daily are "deadly" in 
excessive quantity or under certain circumstances, yet 
they can be used and are being used relatively safely 
with proper precautions. People do not often talk of 
“deadly water," or "deadly gravity," or "deadly 
gasoline." They are able to discriminate between 
situations when these are dangerous and when they are 


relatively safe. Many people, however, do not yet have 
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large body of agreement among scientists. As a result, 
the layman probably has been made to feel that when the 
experts disagree, there is no chance for the non-experts 
to understand the situation. 

5. The establishment of radiation standards is a complex 
subject, cutting across a number of scientific 
disciplines. The terminology is technical and obscure 
and the units of measure have little or no meaning to 
the layman. The public information dilemma from the 
viewpoint of the Atomic Energy Commission is something 
like this: For useful public comprehension an 
explanation of radiation standards must be simplified 
extensively. Yet, such simplification almost invariabiy 
omits fine points and such omissions can be seized upon 
and made subject of controversy by critics who appear 
more interested in magnifying differences of opinion 
than in equipping the public with useful information. 
Nevertheless, official and therefore authoritative, 
simplified explanations must be made available to the 
public information media and to the public. 

There are no quick or simple solutions to these problems of 
public understanding. Any single action, such as the issuance of 
@ pamphlet or film, the holding of an educational seminar or the 
conducting of a hearing, undoubtedly will be helpful, but a large 


number of such activities repeated again and again over a period 
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of years will be necessary to achieve better and wider public 
understanding of radiation. The task of achieving greater 


public understanding goes far beyond the communication 
capabilities of the Government alone. Continuing efforts also 
will be necessary on the part of private industry, the public 
information media, educational institutions, organized citizens’ 
groups, and individual citizens. While the reporting of specific 
situations involving radiation is important, this must be 
supplemented by a continuing basic educational effort on the part 
of the public information media and other capable communicators. 
Providing information via educational institutions is especially 
important since it will enable young people in the ccncentrated 


study phase of their lives to reach adulthoci with om understanding 


in depth of the essential details of nuclear ~.?41a‘ion and the 


functions and rationale of radiation standaris. 





Part II. Application of Radiation Protection Standards 
to the Development of Atomic Energy Uses 


CIVILIAN POWER REACTORS 


Note: The U. S. Atomic Energy Commission wishes to express its appreciation 
(1) to the organizations who contributed the required technical information, 
namely, Argonne National Laboratory, Brookhaven National Laboratory, 
Oak Ridge National Laboratory, Allis Chalmers, Babcock & Wilcox, Ebasco Services, 
General Electric, and Westinghouse Electric Company; and (2) to the following 
individuals for their cooperation and advice: F. P. Couan and J. B. Kuper, BML; 
J. W. Blaum, AMC; J. T. Bobbitt, ANL; J. W. Ullmann, ORNL; D. Campbell, WCAP; 
R. Lovington, Bechtel; R. Parkins, AI. 

This portion of the AEC statement contains material selected from a 
study prepared by the Evaluation and Planning Branch of the Division of 
Reactor Development using data and information from industrial and laboratory 


sources, Some of the data are necessarily tentative and the costs discussed 


are the best estimates available but subject to change. 


The cost of electrical power from nuclear power plants would be 
affected if radiation standards were changed. Changes in radiation standards 
would affect many factors that enter into the design, construction, and 
operation of nuclear power plants. Some of these factors are: 
(1) Reactor Exclusion Area 
Reactor Shielding 

(3) Reactor Containment 
Reactor Fuel Costs 
Reactor Operating Staff 


(6) Reactor Research and Development 
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As previously mentioned, major problems from more stringent criteria 
would develop in areas such as instrumentation, analytical techniques and 
the differentiation between man-made and natural radioactivity. 
Radiation standards will also be a factor in power 
costs when and if thermonuclear power plants replace fission power plants. 
In a thermonuclear power plant it will be exceedingly difficult if not 


impossible to restrict the materials of construction so that there might be 


access to the reactor area within normal power-plant shutdown times, 


Summing up a look into the future, thermonuclear power reactor ideas 


with particles like 14-Mev neutrons and materials such as tritium in the 


system will be importantly affected by radiation standards. 


SUMMARY 


Exclusion Areas 1/ The results of possible more stringent radiation 
protection standards would tend to raise the costs involved in Reactor 
Exclusion Areas, Examples of this are: 

(1) Additional high level and low level waste storage tanks. 


(2) Additional instrumentation required, which in most cases 


is not commercially available, 
(3) An increase in operating costs. 


(4) Modification of facilities presently in operation. 


1/ See also Appendix D 
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Reactor Research Development. Existing research and development 
reactors would be more costly to operate if radiation standards were made 
more stringent. Again factors, such as exclusion area, shielding, containment, 
etc., would have to be reviewed. It is possible that some reactors might 
have to reduce their power level or shutdown for some rebuilding. 

Existing research laboratories would also be forced to review their 
shielding, containment, etc. if radiation standards were made more stringent, 

The requirement for containment around the nuclear equipment adds 
appreciably to the cost of the plant. If a complete containment building 
is required, additional cost is introduced because of its effect on plant 
layout and on the requirement for remote instrumentation and remote operated 
apparatus. The degree of leaktightness, resistance to missile penetration, 
and shielding specifications greatly affect this cost. 

In recent studies, plant layouts have been developed which show the 
reactor system housed in a containment vessel or alternatively in a semi- 
conventional building. This comparison demonstrates that an expensive 
arrangement of the reactor system vessels and devices is required for 
containment vessel housing. Some plants are not currently designed to 


include a containment vessel-building, the necessary containment being 


designed into the reactor and primary coolant structures. At present, 


"gas-tight" containment systems in use possibly can be built to a leak rate 
corresponding to 0.02 per cent per day, although for practicality specified 


values are 10 times higher. There are cases in which actual leak rates 
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experienced are several times above 0.2 per cent per day; the larger the 


containment vessel the more difficult it is to maintain gas tightness. 


Operating Staff. Standards for radiation protection affect the plant 


operating costs since personnel are required for Health Physics supervision, 
Health Physics monitoring, and for maintaining the Health Physics instruments, 


In addition to personnel, film badge services, physical examinations, 
special laundry services for contaminated garments, waste disposal and 


environmental monitoring services are required. In some cases the 


environmental monitoring can include such factors as accumulation of 


meterological data as well as data in regard to radioactivity. In this area 
it is necessary to maintain rather extensive and accurate records on a 


permanent basis which also contributes to the expense. 


Maximum permissible radiation level and maximum permissible contamination 
level standards affect maintenance costs in many ways. For example, the 
decision on whether remote or direct maintenance can be performed can have 
a large effect on the time required for repair or servicing. Use of remote 
maintenance also requires the use of more highly trained personnel and 
increased time requirements for the maintenance work. At the present time, 
there is not sufficient experience in the operation of nuclear power stations 
to be able to evaluate accurately the effect of maintenance on power costs. 
However, power cost is strongly influenced by plant availability and any 
accumulation of problems which lower this availability would have an 


over-riding effect on power costs. Lowering the plant availability from 
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Py 
ions 


RADIATION PROTECTION CRITERIA AND STANDARDS 551 


a planned 80% to 60% would mean a 25% overall power cost increase from 





this one effect alone. This lower availability could occur, for example, 


if maintenance work must be preceded by a coolant radioactivity decay 





period. Requiring additional decay to lower radiation levels could keep 


the plant shut down for a longer period, 









Shielding, The cost of the primary biological shielding associated 
with a nuclear reactor would be higher but not greatly affected by more 


stringent radiation standards, 





However, the amount of secondary shielding 


required around steam generators, piping, pumps, turbines, etc. would be 









increased by as much as 30%(2). Thus the cost of shielding concrete would 


go up, but, what may be more important is that the building containing 





this equipment would have to be made larger. Furthermore, foundation and 


structural costs would increase. 





Reactor Fuel Costs. Nuclear fuel costs would be higher if radiation 








standards were made more stringent. 
Such changes in standards would increase the cost of mining, milling, 
and fabricating virgin fuel materials such as uranium and thorium, 


Reprocessing plants for radioactive reactor fuel would be more expensive 







to build and operate. Shielding, containment, exclusion area, waste system, 


instrumentation, etc., required for these plants would be costlier, 


After reprocessing, nuclear fuels generally have to be refabricated 








into fuel elements, More stringent radiation standards would increase the 


cost of building and operating these refabrication plants for essentially 
the same reasons given for the reprocessing plants, 


Handling and transporting charges for nuclear fuels would be higher 
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because more shielding, personnel, etc. would be required in these 
operations, 
It might be pointed out that future power reactors are expected to be 
operated at higher and higher “fuel burn-ups" for economic reasons. 
Nuclear fuels are also expected to be processed with less and less 
"“cooling-off" times so that less nuclear fuel will be tied up in inventory, 
Under these conditions, spent nuclear fuels will become more and more 


radioactive and hence more difficult to handle. 













EXCLUSION AREA 


Gaseous Effluents. The major gaseous waste disposal 





problem at Brookhaven (1) is posed by the cooling air from the 

graphite research reactor, This contains 14,100 curies per day 
of radioactive Argon-41 and is discharged from a 300-foot stack, 
Argon-41 has a half-life of 112 minutes and, because of this 
fairly rapid decay, there can be no more than 1770 curies in 





existence at any time, even for continuous operation. Since Argon 


is a noble gas, only whole body external exposure is involved. 











Levels at the site boundary have been monitored for many 
years and are known to be far below the limit specified by the 
National Committee on Radiation Protection. This limit is 500 
mr per year, or about 10 mr per week averaged overa whole year. 
Data for the Calendar Year 1959 are shown in the attached table I, 
A value of 0.84 mr/week is noted for the station in a Northeast 













direction from the reactor stack. This station is located in the 
direction for which a maximum average level is to be expected on 
meteorological grounds because of the persistent summer sea 


breeze characteristic of this area, 





Since values at the edge of the site are less than 10% of the 
presently prescribed limit, a reduction of the limit by a factor 
of two or five would not require additional physicalities as far 


as off-site conditions are concerned. If a reduction of ten-fold 
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were introduced, no restrictions on present operations would be 
anticipated, However, three additional monitoring stations would 
be necersary, These would involve an estimated capital expenditures 
of $15,000 and additional operating costs of $10,000 per year. 

Much less data is available for on-site leveis cue t> Argon- 
42, Based on meteorological estimates the maximum rate averaged 
over & year would be no more than 4 or 5 mr per week and the ex- 
posures actually received by individuals would be substantially 
less than this value. The limit currently applicable to casual 
visitors to the site, who do not enter radiation areas and are net 
provided with personnel monitoring equipment, is 500 mr per year, 
or an average of 10 mr per week. Since such visitors spend only 
a fraction of a week on site, their exposure to Argon-41 is also 
well below 1/10 of 10 mr/week, 

If occupational exposure limits for the BNL staff were 
reduced by a factor of two, exposure to the reactor effluent would 
pose no problem. Were the limit reduced by a factor of five or 
ten, a greatly intensified on-site area monitoring program would 
be necessary and it might be necessary to provide personnel moni- 
toring service for the entire BNL staff. In addition, Argon-41 


would, in some cases, contribute an appreciable fraction of the 


permitted exposure. However, this latter problem would be 
relatively unimportant compared with other operating problems 
created by use of such a low limit on occupational exposure. ‘The 
extra cost involved in this area monitoring would be similar to 
that specified above for extra monitoring at the edge of the site, 


the extra cost of providing personnel monitoring for the entire 
staff is estimated as $20,000 per year. 





TABLE I 
Average Radiation Levels at BNL site Boundary 


Due to Laboratory Operations 
r 


(all values in milliroentgen per week) 


Apartment Ss. B. N. B. 
N.Gate* Area Perimeter Perimeter 
Whole Year 0.46 0.22 0.39 0.84 
January 0,12 0.0 O.% 0.48 
February 0.32 8.2 oO, 0.68 
March 0.54 0.33 0.22 0.44 
lst Quarter 0.32 0.22 0.46 0.50 
April 0.69 0.58 0.22 0.98 
May O+P2 0.07 0,22 1.51 
June QO. 0.09 0.70 0.64 
end Quarter 0.59 0.23 0.35 1,01 
July 0.66 0.24 0,15 l. 
August 0.61 0,10 0.20 1.7 
September 65 0.12 0.26 0.76 
3rd. Quarter 0.64 0.16 0.17 1.32 
October 0. 0 52 0.44 0.80 
November 0.3 0. 0,44 0.52 
December 0.21 oO. 3 0.72 0.32 
ith Quarter 0.27 0.28 0.55 0.52 
leak weekly averages 
Whole year 1.54 0.95 1.67 4.00 
lst Quarter 1.21 0.76 1.66 1.18 
2nd Quarter 1,44 0-33 1.48 2.27 
3rd Quarter 1.98 0. 0.35 4.00 
ith Quarter 0,63 0.95 1.67 1.34 


‘This station is 680 meters inside the site boundary but the other 
3 stations are located on the boundary. 
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Liguid Wastes Dilute liquid wastes from various parts 
of the Brookhaven National Laboratory, together with all sanitary 
wastes from the laboratories and the on-site apartments, are 
processed at a central sewage plant that was constructed in the 
days when the site was an Army camp. After passing through an 
Imhoff tank and sand filters for removal of solids, the effluent 
is properly chlorinated and leaves the site via a small stream, 
The volume of flow of this stream, the concentration of radio- 
activity of the stream water and the amount of activity at the 
edge of the site are shown in the attached table II for Calendar 
year 1959. 

Since the alpha emitting isotopes in the BNL effluent are 
negligible, and the Sr9° content is less than 20% of the total 
activity, 5 x 107° microcuries per cc, is the appropriate maximum 
permissible concentration for drinking water with similar activity, 
in accordance with the recommendations of the National Commission 
on Radiation Protection. This value applies to occupational 


exposure for 168 hours per week. One-tenth of this value, or 


5 x 107! microcuries per cc, would be the limit applicable beyond 


the confines of the site, 

The activity of the BNL effluent, with an’*average concentra- 
tion of 0.79 x 107? microcuries per ce for the year, is only 1% 
of the drinking water limit. It should be emphasized, moreover, 
that this effluent is not used for drinking and there is additional 


dilution before the stream reaches an inhabited area, 
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At present, the BNL liquid waste effluent is subject to 
limitations applied at the output side of the Imhoff tank that 
was established in 1950 by agreement with the AEC. The average 
concentration is limited to 3 x 107° microcuries per ce and the 


annual total to 1.5 curies,. 












During 1959, values at this point 
nt were 0.76 x 107° microcurtes per cc and 0.45 curies total. A 
7 comparison of these figures with those shown in the table II 


reveals that concentration is reduced to about 10% of the Imhoff 
tank value by the time the edge of the site is reached and that 






































lar the activity leaving the site is 32% of that discharged from the 
Imhoff tank. These local limits on the Imhoff tank effluent 

re are quite conservative and have meant that relatively little off- 

1 site monitoring of the effluent has been required. 

{mum A reduction in the drinking water limits, applicable to the 

Avity, immediate environs of the site, by a factor of two would require 

sion no modification of our current procedures for disposal of dilute 
liquid waste. A five or tenfold reduction, while probably not 

: requiring a reduction in the present level of disposal, would 

syond require a considerable intensification of off-site sampling. In 
fact, since the normal activity in small streams is highly 

entra- variable (say 0.05 to 0.5 x 10~!microcuries per cc), determination 

16 of the effect of our effluent would at present be technically 

ver, quite difficult for such reduced limits, The cost of such addi- 

i tional tional monitoring is estimated at $10,000 per year. 
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At Oak Ridge National Laboratory no limit is placed on 
the amount of radioactivity that is sent to the liquid waste 
tanks. The discharge of low level radioactive waste to the 
surface stream is not limited by a fixed value in terms of curies 
but is controlled by the calculated concentration in the Clinch 
River of specific radionuclides identified in samples of the 
waste discharged. The dilution afforded by the Clinch River is 
utilized and the radiation protection standards set by the 
National Committee on Radiation Protection and the International 
Committee on Radiation Protection are applied at the point of 
use rather than at the point of discharge. 

If the limits of radioactivity dischargeable to the 
environment were reduced by a factor of ten, additional capital 
facilities costing approximately $1,500,000 woule be required 
for decontamination and containment of liquid effluents as 
follows: 

1. A 400-500 gal/hr evaporator for intermediate-level 

waste would be required that could operate with a 


decontamination factor of 104 to 10 between feed and 


condensate. The bottom from the evaporator would be 
stored in existing concrete tanks and the overheads 
would be combined with the process (low-level) waste. 

























al 


a 
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2, The low-level waste would be treated in a 750,000 
gal/day ion-exchange plant for removal of activity 
by factors of 100 to 1000 before discharge to the 
environment. The regenerant solution from this process 
would be evaporated and stored in concrete tanks. 
TAB I 


Liquid Waste Effluent Leaving the BNL Site - 1959 








Concentration of Amount of 
Volume of Flow Activity Activity 
{Gallons per day) (microcuries percc) (millicuries) 
Whole Year 1,745,000 7.9.x 1078 144.0 
-8 
Janua 2,020,000 ' 0 x 10 2 
Fouruasy 1,730,000 :3 x i a Bi 
March 2,090,000 3.6 x 107 7.9 
First Quarter 1,960,000 3.5.x. 107° 23.5 
April 2,850,000 2.5 x 1078 8. 
May 2, 690,000 48 x 107 ub 
June 2,275,000 5.7 x 10 15.3 
Second Quarter 2,605,000 4.3.x 1078 38.2 
July 2,280,000 8.5 x 1078 22.6 
August 1,995,000 Teg x 10°3 17.5 
September 1,340,000 10.4 x 107 17.1 
Third Quarter 1,872,000 8.7.x 1078 57.2 
October 0,000 10.3 x 2078 11.7 
November 262,000 20.0 x 10 8 6.3 
December 397,000 15.7 x 10° 7-1 
Pourth Quarter 543,000 15.3 x 1078 25.1 








Solid Wastes. Two main divisions of solid radioactive 





waste material exist. The first is material which will not 


exceed a Laboratory-imposed restriction for off-site shipment. 
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This specification is defined by the Interstate Commerce Commis- 
Sion. regulations for transportation of radioactive material. The 
second is material which does exceed the established restriction, 
At Argonne, this material is stored under controlled conditions 
to allow for natural radioactive decay... A block flow diagram of 
the solid waste disposal system is shown in Figure l,. 

For the major portion of the solid waste produced through- 
out the Argonne Laboratory, a stainless steel container with a 
one-cubic foot fibre drum insert is used as the standard waste 
receptacle. There are some 500 of these receptacles in approxi- 
mately 200 locations within the Laboratory. In those areas where 
considerable quantities’ of waste are produced or the physical 
dimensions of the waste are larger than can be accomnodated in 
the standard container, a 4.5 cubic foot cardboard container is 
supplied. For waste which exceeds a 50 miliuroentgen per hour 
limit, shielded containers are available. When a container is 
full or approaches the radiation limit, it is surveyed by 
Radiation Safety personnel after which it is picked up o2na 
scheduled basis by the Waste Control Group. The inner fibre 
drum insert is removed, and the lid of the drum is sealed (if 
required) and the drum is removed from the area. Those wastes 
requiring shielding are handled essentially in the same manner 
but they are transferred to additional shielded units, The day's 
collection is transported to the Waste Storage Area in a 


specially designed vehicle, 
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The Waste Storage Area comprises some 400,000 square feet 
of area in which the various control, concentrating, and storage 
units are located, Admission to this area is restricted to 
operating personnel, In this area all wastes are segregated 
into those which can be shipped off site and those which require 
storage. Material that does not exceed 200 mr/hr, and/or does 
not contain any alpha active material other than natural uranium, 
is baled, The baled material and other nonbalable material are 
packaged into a final container for off-site disposal. This 
container, fabricated of l2-gauge steel, reinforced with angle 
iron is .4 ft wide by 5 ft long by 6 ft deep. A steel lid with 
a built-in gasket, when bolted to the bin, results in a shipping 
unit of sufficient integrity to meet the requirecrt for inter- 
stete transportation on public carriers. At present, about one 
shipment of packaged waste is made per year So Cak Ridge National 
laboratory. 

Five underground storage vaults, located in the Waste 
Storage Area, provide the temporary storage requirements for the 
collected waste. Three of the vaults, constructed of reinforced 
concrete, are in the shape of an open box with a drainage control 
on the bottom. These are about 95 ft long by 13 ft wide by 11 
ft deep. They extend some 8 ft below grade and will accommodate 
a total of 38 bins each. After the bins are placed in the vault, 
& one foot thick concrete lid is placed above the bins. Approxi- 
mately five years' storage space exists in these vaults, assuming 
the current rate of waste production; The fourth vault, of 
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reinforced concrete, constructed in an open box shape, consists 
of six adjacent covered cells, each cell 6 ft by 10 ft in area 
by 21 ft deep. The vault, some 18 ft below grade, is utilized 
for storage of bulky and highly active items of waste, The 
fifth storage vault is an assembly of vertical pipe castings, 
4 to 10 inches in diameter, cast as part of a concrete slab, 
Its dimensions are 12 ft by 30 ft in area by 21 ft deep with 
19 ft below grade, Some 9 to 10 years' storage space is 
available in the last two described vaults, 

Table 3 summarizes the estimated annual volume of solid 
waste through 1965. Table 4 represents the estimated volumes 
which would be shippable under current rules, 


Table 3 


ESTIMATED SOLID RADIOACTIVE WASTE PRODUCTION THROUGH 1965 
Argonne Nationa oratory 


Low-Level, High-Level, Total, 
Fiscal Year Cubic Feet Cubic Feet Cubic Feet 


1389 Bie tt: a ie 


1959 25, 500 
1960 24 , 800 , 600 
1961 26, 300 30, 200 
1962 600 5 6, 400 
1963 2 

1964 900 43, 700 
1965 47,200 

Table 4 


ESTIMATED WASTE SHIPMENTS a eett ns NATIONAL LABORATORY THROUGH 
965 


Fiscal Year Volume, Cubic Feet 
190 18¢700 
1968 83+ O88 
25, 000 
i 6° foo 
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Plans are presently under way to remove and ship off-site 
some of the stored high level waste which has decayed sufficiently 
to permit shipment without additional shielding. Without such 
shipment, and at the anticipated rate of accumulation of high-level 
waste, some 90% of storage volume for such waste will be occupied 
by 1963. 

Table 5 summarizes the estimated additional costs which 
would be incurred if ICC regulations were made more stringent, 

Two possible alternatives, additional storage facilities, and 
auxiliary portable shielding, are considered, The present annual 
operating and maintenance - cost for the solid waste system is 
about $90,000 per year. 

Relaxation of the standards by a factor of 10 would permit 
about 75% more high-level waste to tbe shipped off-site. It 
is questionable if relaxation of the standards by a factor of 


100 would be of any significant economic value, Less than 2% of 


all solid waste would be affected, 
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Table 5 
ESTIMATED ADDITIONAL COSTS FOR SOLID WASTE DISPOSAL 


IF INTERSTATE COMMERCE COMMISSION REGULATIONS 
ARE MADE MORE STRINGENT 


Icc Standard 
Fiscal Year Method Made More Stringent by Factors of: 


10 100 
Dollars per year 
Storage® $ 35,000 


Transport; 
Shielding 50,000 


Storage® 110,000 


Transportp 
Shielding 359, 000 


a 
Storage cost of $0,.33/(cubic eee total volume); five 


year storage average; segregation $0.50/(cubic fezt). 

Psnielded secondary, 3.5 tons weight; amortization, maintenance 
$1,000/(vear); 10 shipments/(year); transport cost, $29/(ton) 
ANL to ORNL. 
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Environment. As the levels of contamination of the 
environment approach natural background, it is obvious that the 
job of monitoring sites and their immediate environs is both an 


important and a difficult one, 






Most major sites have attempted to 
determine the natural background in their area before work began, 











and have maintained a continual survey of their areas. This 





entails a considerable expenditure of time and effort. At 
Argonne, for instance, roughly $100,000 per year is spent in this 
manner, the findings of the background survey group are published 
annually (3,4). 

If maximum permissible levels (MPL) were tightened by factors 


of ten or one hundred, measurements of total activity would have 





little or no value. A significant increase in analyses for 










individual nuclides would become necessary. Techriques are cur- 
rently being used or are available which would permit detecting 


radioactive nuclides in concentrations one per cent of the 










present MPL. However, the methods are consuming of both time 





and equipment. A reduction of a factor of ten could be handled 


by the background group using the present detection procedures 









although more analyses would be necessary. Reducing the MPL's 





by a factor of one hundred, however, would bring the values for 


some nuclides down to approximately natural background and many 





to the 1959 fall-out concentrations. It is estimated that reducing 
the MPL}s by a factor of ten would increase the operating cost of 


environmental monitoring by one hundred per cent; reducing then 





by a factor of 100 would increase the operating cost by a factor 





of five. On the other hand, the relaxation of the MPL's by a 
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factor of ten would not effect the environmental program markedly, 


It would still be desirable to know the amount of activity in the 
environment with reasonable sensitivity, and since the direction 
the MPL's may take in the future is not known, a safety factor 
is desirable. A one hundred fold increase in the MPL's would 


call for a re-evaluation of the entire monitoring program, 





REACTOR RESEARCH AND DEVELOPMENT 


The primary function of 

Argonne National Laboratory (ANL) is research and development with 
major effort in the field of reactor design and operation. The 
effect of radiation standards on reactor design and operation is, 
therefore, of considerable importance to ANL. From the operating 
standpoint they have considered both of their larger operating 
reactors, EBWR and CP-5. Both of these reactors were designed when 
permissible yearly exposures were three times what they are now. 
They were both able to absorb the reduction of three without 
difficulty. Some further reduction could also be handled but it 
should be borne in mind that a further reduction of ten means a 
yearly limit of 500 mr (10 mr/week). The CP-5 pump room now has a 
background of 1 r/hour. It must be entered often and cannot be 
shielded. A week's dose would be accumulated in less than one 
minute, This is getting below the practical limit for operation. 

To operate at the 10 per cent level, additional personnel and 
equipment would be required, amounting to perhaps $200,000 per year 
for EBWR and to $500,000 per year for CP-5. Operation of either 


reactor at levels one percent of the present ones would be out of 


the question. 


Relaxing the radiation exposure limits by either a factor of 


10 or 100 would not reduce the required personnel by an appreciable 
amount. If relaxed standards had existed during the design stage, 
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a decrease of perhaps 30 percent in the cost of EBWR could have 
resulted. 

In CP-5 a very important cost item would be associated with 
tightening the standards for the concentration of discharged 
radioactive gases, notably radioargon, from the plant ventilating 
system. Changes to the present CP-5 plant to accomodate 
decreasing the concentration limits by a factor of 10 would 
entail plant addition costs of about $200,000. If the standards 
were tightened by a factor of 100, the plant addition costs would 
arise to about $900,000. The yearly operating power requirement 
cost would be raised by about $90,000. 

Relaxing the limits on the concentration of the discharged 
radioactive gases by factors of 10 and 100 would have very little 
effect on the CP-5 plant costs and operating costs. The present 
ventilating system would, from other considerations, not be 
greatly changed to take advantage of the relaxed standards. 

Argonne National Laboratory has also considered briefly 
the effect of changing MPL on reactor design from the standpoint 
of shielding and site selection. 

It is presumed that to maintain existing safety factors, 
additional shielding will be required as standards are made more 


stringent. Assuming normal concrete, for a ten-fold reduction in 


MPL one would specify one foot to maintain some margin of 


assurance, This additional shielding to a reactor having an 


outer shield surface area of 2,000 square feet would require 75 





h 


nt 
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cubic yards of concrete. Such an addition plus additional 
shielding for pipes and components on the primary coolant circuit 
of a commercial power reactor could probably be done for $10,000. 
This is a very small additional economic burden. The situation 
with respect to a research reactor complex such as CP-5, however, 
is quite different. Most of the radiation level at the shield 
surface of such a reactor is attributed to scattered radiation 
from experimental beam holes and thermal columns, of which the 
reactor necessarily has many. Addition of any amount of general 
shielding would not reduce the radiation field intensity to the 
desired reduced MPL. The problem then reduces to one of 
concentrating on shielding of openings through the general shield. 
Since the desire is to bring radiation outside the general 
shielding for experimental purposes, and since shadow shielding 

is notoriously ineffective in reducing general radiation fields, 
no reasonable solution is immediately available. The problem must 
be handled by using more personnel and remote handling devices. 
This results in considerable additional cost as indicated earlier 
for CP-5. 


Site Selection. At present, most sites are favorably 





endowed with characteristics which allow normal operation at 
levels for the public (at or beyond control boundaries) which are 
weli below the MPL. At present, site selection and extent is 
only moderately influenced by MPL's for normal operation. If 


MPL's are reduced, however, their influence would begin to 
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dominate. This could lead to extreme reduction in site choice 
and difficulty in determining compliance as amplified in other 
portions of this statement. 

Abnormal conditions (specifically severe accidents) are 
considered strongly in determining control bo'nderies and land 
areas. At the present time, it is unlikely that any installation 


having a reactor operating at sensible power levels could comply 


with existing statutory MPL's beyond the control boundary in the 
event of a really serious accident; nor ure they plannec to. The 
procedure has been to select an unofficial number for a maximum 
permissible emergency exposure. It is then shown on examination 
of conditions existing during and after the maximum accident 
selected for design that this exposure will not be exceeded 
beyond the selected control boundary. Since the selected maximm 
exposure level is based on a kind of equivalence with the MPL's 
stipulated for normal operation by statute, it would be reduced 
by a fector of 10 if the normal MPL's were so reduced. 

Assume then that the acceptable emergency dose (AED) must 
be reduced by a factor of 10. What would the consequences be for 
critical assembly facilities, and for experimental or power 
reactors. For uncontained critical experiment facilities, wherein 
the AED would now be experienced at the control boundary, the 
minimum control distance from the facility would have to be 
extended by a factor of three if the MPL were reduced by a 


factor of 10. 








rein 
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In the case of a reactor operating at about 100 megawatts, 
with normal "gas-tight" containment and leak rates of the order 
of a 0.2 percent of the contained volume per (day) (atmosphere 

overpressure), the control distance for the AED in one hour from 


direct radiation of the contained gamma source would be increased 







from about 1400 to 2200 ft for a factor of 10 reduction in AED. 


Direct dosages from the plume of such a 





leaking reactor contain- 








ment vessel indicate that a present AED can be attained at about 
1700 f&., whereas an AED which is a factor oF 10 lower could be 

attained at about 7800 ft under typical inversion conditions. 
For a proposed plant where the damage criterion is reduced 


by a factor of 10, a severe restriction and economic penalty must 





result. Many sites would be discarded, and lar.d acquisition cost 










might easily go up several times. For the example above, if for 








reasons other than exposures of the public, land acquisition 
resulted in a radius for the boundary under control of one-half 
mile, reducing MPL's by a factor of 10 would make exvosures the 
controlling factor and land acquisition having a radius of 1.5 











miles would be needed. Land acquisition would thus be boosted a 





factor of 5 from 3/4 sq miles to 7 sq miles or from 500 to 4500 
acres. At $300 per acre the initial acquisition cost is boosted 
from $150,000 to $1,350,000. Taxes (continuing cost) would also 
go up by this same factor. 





In addition, monitoring and survey 


costs would increase because of the additional acreage coverage. 


574 RADIATION PROTECTION CRITERIA AND STANDARDS 


Handling Plutonium. An area of interest which is of 
continuously growing importance at Argonne is in the handling of 


plutonium in its various forms. Their plutonium handling design 


is based on the philosophy that the biological hazards of plu- 
tonium make it imperative that they keep it out of the working 
environment and especially out of the air the worker breathes. 
Therefore, plutonium metallurgy facilities and techniques are 
designed to confine the plutonium as closely as possible to its 
source with complete containment througi!:out the normal handling 
procedures. Containment is achieved by providing at all times a 
Plutonium-tight harrier between the operator and his work. They 
also provide an inert atmosphere within the glovetox. To make 
this economically feasible they use tight enclosures (helium mass 
spectrometer tight). Gloveboxes are kept at a slightly negative 
pressure. However, should the ventilation fail and the box 
pressure become positive with respect to the room, the tight 
gloveboxes prevent plutonium from getting into the surrounding 
environment. To minimize exhausting plutonium contamination to 
the atmosphere, they keep the amount of exhaust gases to a bare 
minimum and in many cases recirculate the gas atmosphere in the 
glovebox. This approach has made it possible for them to keep 
plutonium out of the working environment within the limitations 
of normal background and the sensitivity of their monitoring 


instruments. 
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Argonne's major concern is for changes in the standards for 
penetrating radiation. With small amounts of present plutonium 
and using present standards they are able to accomplish their 
research and development work in gloveboxes without difficulty. 
However, where large amounts of plutonium are handled, especially 
in production in Building 350, they are on the verge of needing 
additional shielding. Tightening of these standards by a factor 


of ten or even less will make research much more difficult since 




















they will have to go to leaded gloves, shielding on the boxes, 


and shorter personnel exposure times or to remote handling. 
Tightened standards would mean extensive shielding in our production 





facilities in Building 350, thus converting what are now glove-box operations to 
cave+type operations. 
Tightening or loosening in the standards for particulate 
plutonium in the room air will have little if any effect on 
However, tightening 

of the standards for penetrating radiation will decidedly hamper 
and in many cases make impractical plutonium metallurgy research 
and fuel element development and production at ANL. Loosening of 
these standards would be helpful especially in operations where 

large amounts of plutonium are involved. 
It is estimated that if shielding and remote handling were 
required in Argonne's plutonium handling, a minimum of $5,000,000 
would be required for facility modification. 





Argonne's plutonium metallurgy operations. 
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OPERATING STAFF 


Maintenance, The feasibility of the contact main- 
tenance philosophy is dependent on three items; they are: 


(1) degree of decontamination that can be attained, (2) per- 


missible radiation exposure for maintenance personnel, and 

(3) the frequency with which repairs or modifications are 
required, Complete decontamination is an ideal that is 
rarely achieved. Activity levels can be reduced to 1 to 

2 r/hr by techniques little more sophisticated than rinsing 
with water. Further reductions in the radiation field are 
increasingly difficult as the level is reduced. With the 
equipment now existing in Building 3019 at ORNL, the radiation 
level can be reduced to 100 mr/hr by use of the most effective 
reagents usually within a period of two weeks, Further 
reduction is very arduous, and sometimes impossible. Present 
local radiation dose standards permit an exposure of 300 
mr/week provided no more than 3 r is received in any 13 con- 
secutive weeks and no more than 5 r is received per year. 
During calendar year 1959, there were 25 persons directly 
involved in operating and performing routine maintenance on 
the Thorex Pilot Plant. Their average annual exposure was 
2.1 r and the maximum annual exposure was 3.9 r. A total of 
447 man-weeks of craft effort was expended for nonroutine 


maintenance during the year. Film badges carried by the 
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craftsmen indicated that in less than 20% of the man-weeks 
worked did the man receive an exposure greater than 100 mr. 


The maximum received by any man in a one-week period exposure 








was 525 mr, Frequency of maintenance is minimized by careful 












equipment design and selection of process methods to assure 
high reliability, even though this may at times be at the 
expense of process efficiency or cost. 
A contact maintenance processing plant would not be 


practical if permissible radiation limits were materially 





reduced, A reduction in quarterly allowable exposures 






would be less harmful than a reduction in weekly exposures 


because maintenance procedures are performed on an erratic 








rather than on a continuous basis, ORNL's position in this 


matter is eased somewhat by its ability to utilize a large 






number of craftsmen who normally receive no radiation 





exposure. Improvements in decontaminability can no doubt 












be designed into a new plant for a nominal cost; in the 





existing ORNL facilities, the changes might cost $100,000 
to $200,000. 
It is estimated that reduction in allowable radiation 
exposure to less than 1.5 r/year would be prohibitive for 
a chemical processing plant using contact maintenance. 

Reduction of allowable exposure to this figure probably 
would increase plant construction cost approximately bg 
20% and by 50%. 
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Personnel Monitoring. A reduction in per- 
missible levels for external radiation exposures would 


increase the cost of radiation survey-monitoring and per- 
sonnel monitoring significantly. Approximate values of 
these increased monitoring costs are shown in Table 13. 


Table l 
The Effect of Decreas xposure Limits 


on Personnel Monitoring Costs 





Factor of Increase in Cost 
for Permissible Level 


Reduction by a Factor of 
Technique 


1. Personnel monitoring of 
external radiation 2 4 


2. Personnel monitoring of 
internal radionuclides 


a. Blo-assay 3 5 
b. Whole Body Counter May not be useful at these 
levels 
3. Radiation Survey Instru- 
mentation and Personnel 2 5 
4, Rar Sampling 
a. Beta-gamma 1 1 
b. Alpha 5 10 


5. Area and background 
radiation monitoring 


~ 
~ 


6. Contamination Monitoring 5 5 





It is estimated that the over-all costs of personnel 


exposure control services would be increased three-fold and 
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five-fold respectively for reduction in the permissible 
exposure levels by factors of five and ten. In addition, 
the present over-all accuracy in exposure measurement of 

10% would become not better than 50% if the levels were 
reduced to 1/10 of the present ones. In some cases the 
available techniques for monitoring have a lower limit of 
reliability for measurement which is 5 to 20% of the present 
permissible levels, and new instrumentation would be 
required to monitor lower levels, This is particularly true 
in the case of internally deposited radionuclides and 
external exposure to neutrons. 

Personnel Exposure External Radiation. The 
policy at ANL regarding exposure of personnel to radiation 
is to keep such exposures to a minimum (preferably zero) 
and to prevent any continuous exposure to radiation in 
excess of the maximum permissible levels recommended by 
the National Committee on Radiation Protection. This is 
a result of the conservative approach adopted in 1946 and 
a desire to maintain a substantial margin of safety for use 
when operating emergencies require greater than routine 
exposures, 

Dose measurements are made by means of film badges, 
self-reading dosimeters (to permit individual monitoring of 
exposures), and where appropriate, area monitoring instru- 
ments and films, The problem of variation in energy levels 


of gamma radiation is partially met by calibration of films 
with a 9° source, 
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Standard protective methods are used, i.e., shielding 
and containment, distance from the radiation source, and 
time limits on presence in a radiation field. 

Current experience is reflected by the following data 
on 1959 operations: 

Number of persons routinely monitored - 2399 

Number of persons not routinely monitored - 2203 

The number of people who received annual exposures of 


various amounts are given below: 


Annual osures (rem Number of People 
0 tol 2292 
1 to 2 47 
2 to 3 37 
3 to 4 18 
4 to 5 4 
5 to 6 1 
over 6 0 


Thus only one person exceeded the present limit, For 
the majority of people, limitation of exposures to 0.5 rem 
per year would be feasible, but little or no margin of 
safety would be available. Of the 2399 persons routinely 
monitored in 1959, 164 received doses in excess of 0.5 rem. 
Most of these people were engaged in work at the reactors, 
in reclamation activities, and at the cyclotron. 
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Reduction of doses to 0.05 rem per year in these 
operations is operationally impractical. The addition of 
shielding and remote=handling equipment to existing facilities 
necessary to obtain zero levels for the majority and 50 mr 
per year for a few could not be done. Reduction of limits to 
one-tenth (0.5 rem per year) would perhaps be possible, but 
certainly would be very expensive. 

Internal Radiation. The policy at ANIL with respect 
to control overexposure to internal radiation has been de- 
veloped in the same manner as those on external exposures. 
The original concepts have been modified as the National 
Committee on Radiation Protection (NCRP) has issued its 
recommendations. The policy in this area also is to limit 
exposures to the fullest extent practical. Increasing work 
with heavy elements, continuing interest in metallic oxides, 
and work with quantities of neptunium, plutonium, americium 
have posed increasingly complex operating problems. Small 
quantities are handled in fume hoods or in shielded boxes 
if irradiated samples are being used, Work with massive 
quantities, as in the case of experimental fabrication of 
plutonium fuels, is done in completely enclosed systems with 
inert atmospheres. Work with oxide is done in closed dry 
boxes with special attention to air filtration to avoid air- 
borne particulates, Other problem areas are those of hot 


laboratories, experimental reactors, and fabrication of normal 
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and enriched uranium all of which present opportunity for 
dispersal into the working atmosphere of fine particles 

of radioactive materials, Standard personnel protection 
devices such as respirators, special ventilation, etc., are 
used, 

The only available means of routinely monitoring radio- 
active materials actually present in the body are those of 
analyses of body excreta, and in the case of gamma materials, 
whole body counting (use of the "iron room"). Blood count- 
ing may be used for cases of large overexposure. The 
analytical techniques involved are essentially the same as 
the standard low-level radiochemical techniques commonly 
used in this industry. The time involved, the difficulty 
of the analyses, and the personnel expenditures, increase 
as the levels of radioactivity decrease. At some point the 
analyses become slow, laborious, and uncertain because of 
interference from the natural background, 

The present analytical techniques are sufficiently 
sensitive to detect body burdens one-tenth of the present 
MPL's, However, in some cases more sensitive methods 
would be needed because it is necessary to measure well 


below the MPL in order to provide a safety factor. A 


safety factor in internal radioactivity monitoring is very 


important. 
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If the MPL's were reduced by a factor of 100, many 
of the techniques now in use would not be sufficiently 
sensitive, Methods are available for detection at such 
levels, but they are expensive and time-consuming. Larger 
and more frequent samples would be required, and nuclear 
track counting would be used in some cases, For example, 
plutonium excretion is about 10 dpm per day about 30 days 
after one MPL is taken into the body. The detection limit 
of the most sensitive analysis is about 0.05 dpm per sample. 
Thus if samples were obtained every thirty days, one percent 
of the present MPL could be detected. 

Whole body counting would be desirable for some gamma 
emitters since the accuracy of excretion analyses is poorer 
at these lower levels. Because of their daily diet, many 
individuals excrete uranium and radium at levels that 
correspond to one percent of the present MPL's. In these 
cases, body gamma counting would be necessary to measure 
the permanent body burdens. For radium, whole body count- 
ing at the present time will detect about one percent of 


the present MPL. When gamma rays are very weak or absent, 


excretion analyses would still be necessary. 

An increase in the MPL's would simplify bioassay 
monitoring. Smaller samples, higher backgrounds, and shorter 
counting time could be tolerated with subsequent savings in 
time and money. A 10-fold increase in MPL's could result 
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in a decrease in costs of $25,000 to $50,000 per year; a 
100-fold increase could decrease costs by a factor of 
$50,000 per year. 

The effect on the operating cost at ANL may be 
estimated as follows: 

a. To meet the requtrements of MPL's at ten percent 


of the present limits: 


(1) Additional radiochemical facilities -- $1,000,000 


(2) Increase in annual operating costs --- $ 100,000 
b. Reduction of MPL's to 1% of present levels: 


(1) Increased radiochemical facilities --- $3,000,000 
(Includes the $1,000,000 quoted above) 


(2) Rebuilding existing facilities with 

added hooding, ventilation, filtra- 

tion, etc,, for the handling of un- 

irradiated normal and enriched 

uranium oxides «- over *$10,000,000 
(3) Increase in annual operating costs -- $ 500,00 

It should be noted that a decrease in MPL's for normal 
uranium to one percent of present levels would result in a 


limit at one-third of present levels for plutonium. 





SHIELDING 

Reactor Shielding. The cost of biological shield- 
ing was evaluated for a typical 300 megawatt electrical nuclear 
power plant, assuming shielding sized to tighter radiation 
standards prior to construction, Shielding cost is approx- 
imately 2% of total plant cost. Tighter standards by factor 
of 100 produces less than 1% increase in total cost, 
Modification of existing plant is much more costly because 


of space limitations, added foundations, rearrangement of 


existing equipment and outage during renovation periods, 
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Shielding Requirements for Routine Operation of 
ORNL Processing Plants. The purpose of this section is to 


discuss the effect of a change in radiation standards on 
the required shielding thickness in chemical processing 
plants. 














For plants such as those at ORNL which periodically 
must be directly maintained and decontaminated, it is 
probably not permissible to decrease the permissible radiation 
dose rate below an average of approximately 30 mr/week, For 
this reason, increases in shield thicknesses over that 


required to reduce the direct radiation through cell walls 












to approximately 0.25 mr/hour (10 mr/week) is of dubious 
value, Shield thickness sufficient to limit the direct 
radiation to 0.25 mr/hour, thus permitting an approach to 
an average rate of 30 mr/week, may be incorporated with | 
relatively small cost penalty into the design of new facil- 
ities, For existing ORNL facilities, which were designed 
when permissible dose rates were higher and the fuel ir- 
radiation levels were lower than those presently envisioned, 
elaborate and expensive shields would be required to maintain 
the direct radiation to operating personnel to this low 









value. The effect of raising the permissible radiation levels 
in facilities in the design stage would be to save essentially 
the seme incremental cost that is expended in lowering the 
levels by the same amount. The effect of raising the per- 


missible levels in existing facilities would be small since 





shields and operating procedures and equipment are available 
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which are suitable for operation at the present levels. 

The 2527 facility, which has two 20' x 25' x 30! 
cells, is designed to house dissolution and solvent extrac- 
tion feed preparation equipment for power reactor fuels 
may be used to illustrate the effect of allowable dose 
rate or shielding cost in an unbuilt facility. The 
radiation dose rates which would result from various cell 
wall thicknesses and canal depths are given in Tables 6, 

7 and 8 for typical power reactor fuels. For this facility 
the incremental cost for increasing the cell wall thickness 
from five feet to six feet, thereby decreasing the dose rate 
in the operating area from 2 to 3 mr/hr to approximately 

0.1 mr/hour, was determined to be approximately $20,000. 

The incremental cost for increasing the depth of the 

2500 sq ft canal at this facility in order to decrease the 
surface dose rate from 2.5 mr/hr to 0.25 mr/hr is estimated 
to be $6,000. 

ORNL processing buildings 3505 and 3019 may be used 
to illustrate the effect of a change in radiation standards 
on existing facilities. These facilities are geared to 
operational procedures and shield thicknesses such that 
radiation doses of a certain value are inherent and may be 
changed only bg elaborate and expensive methods. When 


additional shields are required in these facilities, for example, 


it is often necessary to use lead rather than concrete because 
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of complicated existing piping or space limitations, A square 
foot of lead shield of thickness 2.5 inches costs approxi- 
mately 75 dollars whereas an equivalent mortared concrete 
block shield of thickness 1 ft costs. approximately 1.05 
dollars per sq ft, 

Operating personnel have concluded that it is prob- 
ably not possible to process even low irradiated fuel in 


these plants if the permissible radiation dose rate is less 


than 0.39 r/quarter (an average of 30 mr/week). It has. been 


estimated that the cost of operation.at this minimum level 
would be approximately 25 percent greater than that with 
the present exposure limits. This minimum level is estab- 
lished primarily by the radiation background in the build- 
ings and by the necessity for planned exposures for 
maintenance and decontamination. It would be necessary 

to provide additional shielding for the very radioactive 
vessels and cell penetrations at the head end of the 3019 
facility if it were desired to limit the allowable radiation 
dose rate during power reactor fuel reprocessing to the 


order of 0.39 r/quarter, 
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Table 6 


Radiation Dose Rate Through. Normal Concrete Cell walls 
from ical ent Power Reactor Fuel Assemblies 


(for Dissolving Cells) 


Dose Rate at Outside 
Fuel Assembly+ of Gel wal} 


our 
Active 
Mass of Length, 4.5 ft 5 ft 6 ft 
Assembly Fuel Mat'l ft Wall Wall Wall 
2 CETR 
Assemblies 250 kg Th 8.2 15.8 3.2 0.17 


1 CETR Assembly 125 kg Th B62 on FR 1.6 0.085 
Yankee Atomic 280 kg U 7.5 7.7 1.6 0,081 
NMSR 222 kg U 5.5 4.6 0.94 0.049 
Comm, Ed. 108 kg U 9.3 2.0 0.40 0,021 


CPPD 212 kg U 13.5 1.2 0.25 0.013 
lpuel assemblies are cooled 120 days. 


Fuel assemblies are located 2 ft from inside surface of 
the wall. 
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Table 7 


Radiation Dose Rate Through Normal Concrete from a 
Tank Containing 300 kg of U from a Typical 
UOe Power Reactor Fuel 


(For Subsequent Processing Cells) 


Assumed Conditions: (1) U conc. = 2M 
Burn-up = 15,000 
Specific — contes 
irradiation = 15 Kk 
t3 Cooling time = 120 days 
Tank is 2 ft from inside 
Gell wall 
Concrete Cell Dose Rate at Outside 
Wall Thickness, Wall, 
ft mr our 
4.5 2.9 
5.0 0.50 


6.0 0.025 
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Table 8 


Radiation Dose Rate at the Surface of a 
Storage Canal from Spent oo 
and Yankee Atomic Fuel Assemblies(1),(2) 


Height of Water above the Dose Rate at Surface of 
top of the fuel assemblies canal 
ft mr/nr om 
9 38 
11 2.5 
13 0.17 





(1) It is assumed that the fuel assemblies are stored 
vertically in rows which are one assembly wide by 
15 ft long. Individual rows have an edge to edge 
spacing of 2 ft. 

(2) The cooling time is taken to be 120 days. CETR 
and Yankee Atomic fuel assemblies emit essentially 


the same amount of penetrating radiation at this 
decay time. 


Shielding Requirements for Nuclear Accidents, Since 
the thickness of cell walls becomes essentially insignificant 
once the walls are of sufficient thickness to limit the 
direct radiation dose to 0.25 - 0.50 mr/hour, credible 
nuclear accidents may possibly determine the shield thick- 
ness for a processing plant. The calculated integrated 
prompt gamma and neutron dose through normal concrete walls 
from a nuclear reaction is given in Table 9. Since the 
operating area in buildings 3019 and 2527 is shielded by 
5 and 6 ft of concrete, respectively, it is seen that the 
probable personnel exposure from a nuclear accident would 


be materially reduced in these facilities. Whereas the shield 
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is not controlled by the effects of a nuclear accident in 
these plants this factor should be considered in the design 
of new facilities to assure that lethal exposures would not 
occur in the event of the maximum credible criticality 


accident, 


Table 9 


Integrated Prompt Gamma and Neutron Dose Through 
a Normal Concrete Wall from a Nuclear Reaction 


Number of eS Dose at Outside of Cell wa11(1)mrem 
Fissions in -5 ft 5.0 ft 


Nuclear Wall Wall 
Reactions 


1017 (2) 430 96 
1018 (3) 4, 300 960 
1019 (4) 43,000 9,600 


(1) The reaction vessel is located 2 ft from inside cell 
wall. 


(2) This is the most probable number of fissions in an 
initial surge; therefore, personnel standing outside 


the wall would probably receive the dose shown before 
evacuation, 


(3) Probable maximum credible initial surge. 


(4) Personnel would probably only receive radiation from 
this number of fissions if they did not evacuate after 
initial surge. 





REACTOR FUEL COSTS 


Radiation Exposure. A decrease in permissible 
personnel exposure to ionizing radiation would seriously 
affect the fabrication techniques employed for plutonium 
metal, plutonium-uranium alloys or mixed oxides and natural 
thorium, In these cases several inches of concrete or its 
equivalent would be required for shielding many of the in- 
volved operations. If the present radiation level of approxi- 
mately 100 mr/wk is maintained then these materials could be 
fabricated without shielding although dry boxes or ventilation 
control would be required in some cases. Operations involving 
PuF y, recycled thorium or thorium + U-233 would only be 
slightly affected since several inches of concrete is 
necessary even at present radiation levels. 

If tolerances for contamination of working areas were 
reduced significantly, serious problems would be encountered 
with uranium as well since most fabrication operations in- 
volving uranium oxides and thoria would have to be conducted 
in closed equipment, 

Table 10 summarizes the shielding requirements for 
several fuel materials under present and reduced radiation 


exposure limits. 


1. Fabrigation of U-233 Fuel Elements 
Shielding will be necessary if U-232 concentra- 


tions greater than 20 ppm are encountered, Even 
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at this low 20 ppm concentration, it will be 
necessary to fabricate within seven days following 
final purification and maintain an average distance 


between fuel element and worker's body of three feet, 


In the more practical case in which the U-232 con- 
tent is 400 ppm and the fuel has aged 35 days 
since final purification, it would be necessary to 
fabricate behind a shield of 6,5 in, of lead or 
32 in, of ordinary concrete in order to maintain 
a radiation level less than 0.2 mr/hr, This is 


an increase of 2 inches of lead or 10 inches of 


concrete over that required for a dose rate of 2 
mr/hr. 


Fabrication of Thorium Fuel Elements 


A reduction of a factor of ten in the permissible 
radiation level would necessitate that all thorium 
tue] elements {elements containing only thorium) 
be fabricated behind shielding. Even natural 
thorium in complete equilibrium with its daughters 
would require 10 inches of concrete to reduce the 
radiation intensity to 0.2 mr/hr. Thus the one 
possibility of avoiding “hot" thorium fabrication 
by using only fresh thorium for fuel element manu- 
facture and decaying the recycled thorium for 6-12 
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Tcble 10 
Estimated Shielding Requirements for Recycled Fucls 
During Refabrication 
Shielding Requirements, 
em of Concrete - Operator 
Major Source Scale of 100 cm from work Bae 
Fuel of Activity Operations 2 Mehr limit 0-2 Mr/hr limit 
Slightly Enriched 
uronium U-237+Th-234 50 kg 0 O- slight 
Highly Enriched 
uronium U-237+U-235 doughters 1 kg 0 O- & 
Plutonium Metal Pu-2h0, 261, 242 1 kg Ow 15 
recycle) 
Uronium + 5% Pu ” 50 kg 0 15 
Pu Fy Pu-240, 242, (a-n) l kg 3h 50 
( _ reeycle) 
U-233 Metal 1000 ppm U-232 1 kg 66 90 
(35 days since 
isolation) 
Thorium Metal Th-228 50 kg k5 7 
Thorium + 5% U-233 (as above) 50 kg 88 10 
Wat. Thorium Metal Th-228 50 kg 0 35 


* Depending upon operation ond nearness of personnel 


*“With the operator only 30 om from this material, 16 om of concrete 
are necessary. 
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years may no longer be used as a means of reducing 

fabrication costs. 

Fabrication of U-235 and U-235 Containing Fuels 

Several changes would be encountered in refabrica- 

tion of slightly or fully enriched uranium fuels 

by a decrease in permissible radiation levels. 

a. The U-237 activity specification would have to 
be reduced by a factor of 10 with a subsequent 
increase of 22 days decay time. 
Those workers handling normal or slightly en- 
riched uranium by present techniques could 
easily receive 10-20 mr/wk, Thus even present 
fabrication methods for normal uranium may have 
to be changed. 
It will become necessary to perform many of the 
U-235 fabrication operations using light shield- 
ing and/or distance. Also, minimum hand contact 
will be necessary with all U-235 operations. 

4, Fabrication of Plutonium Elements 
Present plutonium fabrication practices require 


limited hand contact during fabrication operations, 


If the permissible exposure levels were reduced by 


a factor of 10, hand contact would have to be 
avoided for plutonium from 1000 Mwd/ton natural 
uranium, It has been estimated that recycled power 
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reactor plutonium fuel elements could be fabricated 


semi-remotely using only distance shielding and 
avoiding hand contact. 











However, with a radiation 
level of 0.2 mr/hr additional shielding equivalent 
to 6-8 inches of lucite, plexiglass, or concrete 





would be necessary for all dry boxes. The most 






significant contribution to the dose from power 


reactor plutonium comes from spontaneous fission 










and a-n neutrons. These two sources would contribute 


approximately 5 r/hr at contact for one kilogram of 





Pu metal, The a-n activity from PuF, would be even: 






greater and shielding will be necessary for all 
operations involving this compound. 











5. Radiation Levels and Exposures from Typical Fuels 
The following Table (11) lists the radiation level 
from typical fuels and estimates of the annual 
personnel exposure using present handling techniques 
and facilities. 





Radiation intensities are based 
on a one kg sphere while exposures are based on 


present throughputs and scale of operations. 


Table Iz 


Radiation Intensities and Exposures from Typical Fuels 


Penetrating Radiation Intensitics Annual 
Mr/hr Radiation Exposure 


Fuel Surface At Qne Foot 
U-236* 30-0 0.2 0.4 - 0.8 


at. Th* 270 11 3-6 


U-233+ 1 x 10° 3000 200+ 


Pu (steady state) 8650 25 18 - 10% 
Pu (1000 Mwd/tone U) 900-2300* 3 2.3 - 5™ 


7 


In secular equilibrium with daughters, 
Based on limited Fernald experience. 


U-233 containing 400 ppm U-232 ond aged 35 days since final 
purification. 


Los Alamos experience with 40 ppm U-233 indicates an exposure 
of 5 rem during oa lb-week operation. 


Depending upon weight of glove used in glove box. Lower figure 
is based on a 50 mil leaded neoprene glove. 


Based on ranges quoted by existing fabrication sites using 


their present fabrication methods without some of the currently 
propesed changes. 
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Shipping. Regulations identified as Title 10 CFR Part 72 have 
been published in the Federal Register, The gamma radiation limits embodied 
therein for shipping spent fuel shipping casks by rail were designed to prevent 
damage to photographic film as well as for personnel protection, The maxi- 
mum gamma limits acceptable are 200 mr/hr, at any accessible surface of the 
shipping cask or 10 mr/hr, at 3 meters from the surface of the cask, Other 
parts of the regulation are primarily for protection of operating personnel and 


the general public. External surface contamination limits are specified at 


4000 d/m/100 cm*for beta-gamma radiation and 500 d/m/100 cm@for alpha 


radiation, This regulation further limits shipping of fuel elements to those 
elements which, if liquid coolant were lost, would remain 180°F, below their 
melting point, 

These regulations directly affect shipping, storage, and reproces- 
sing costs, Assuming one would have no difficulty in removing the heat from 
the spent fuel elements during shipment, the cost of additional shielding for 
short-decayed elements would have to be balanced against inventory charges, 
For an example, assume that a proposed reactor, the HFIR, discharges a 
core every 10 days after operation at 100 Mw and that after 30 days' cooling the 
radiation level on the outside of a carrier which contains 13 in, of lead shielding 
is at the specified 200 mr/hr, As the cooling time increases the fuel inventory 
increases but carrier weight decreases, Calculation of optimum cooling time 
indicates that the material should be shipped quickly rather than allowing it to 


decay over a long period of time, Table 12 presents an estimate of annual costs 


incurred by a reactor operator, 
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Table 12 
Shipping Costs, Shipping Plus 
Cooling Inventory Two Elements Inventory Costs, 
Time, days Charges, $/yr per Carrier r 
30 19,000 36,000 55,000 
90 42,000 32,000 74,000 
220 80,000 27,000 107 ,000 
450 160,000 23,600 183,600 


I? the radiation limits are lowered by a factor of 10, 
the shipper may increase his carrier shielding or allow the 
fuel to decay longer. 

If, in this case, the shipper were planning to ship 
within 30 days, an additional 1-1/2 in. of lead on the 
carrier would increase his shipping costs about 18%. If 
he decided to cool the fuel longer to reduce the radiation 
source by a factor of 10, he would have to allow it to cool 
about 75 days, which would double the inventory charges. 

So far it has been assumed that there would be no dif- 
ficulty in removing the heat from the carrier. To stay 
within regulations, the¢lements must remain below 180°F 
below their melting points in a dry air-filled cask, If 
the cask surface temperature is not allowed to go over 180°F, 
then it would be necessary to hold the fuel elements 1.75 
years, If, on the other hand, the surface temperature were 
increased to 300°F and a personnel barrier used around the 


carrier, the cooling time could be shortened to 0.8 years. 
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It is this heat removal stipulation which will control 
the shipping time and thus the inventory rather than the 
radiation unless the integrity of a circulating coolant 
system can be proved, 

From the reactor operator's point of view the best 
situation is to have as small an inventory as possible on 
hand and to ship as soon as practicable. Even though ship- 
ping charges are high, inventory charges control the operator's 
economics. 

If the existing external radiation limits were lowered by a factor of 10 
major changes in the present canal clean-up systems such as water and 
acid decontamination pads and new ion exchange systems would be needed. 

There are other reprocessing considerations which will 
affect the total cost of power. If the fuel is shipped 
and reprocessed in less than 90-150 days after reactor dis- 
charge, there must be an iodine handling system in con- 
junction with the processing plant. Also, solvent degrada- 
tion will be greater for short-cooled material. 

Analytical. High activity level samples are 
currently handled in hot cave facilities. mall sample 
aliquots are remotely prepared and after sufficient dilution 
are withdrawn from the hot caves for direct analysis. 


Analyses which cannot be made on diluted aliquots are remotely 
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performed in the hot caves. Personnel exposures are very 
low in periods of normal operation, When equipment is 
changed or maintained, exposures are kept within present 
tolerances. In new facilities under design it is planned 
to mechanize for remote maintenance as well as remote 
operation, 

An increase in allowable exposure by a factor of ten 
would have only a small effect on present costs since 
operations are geared to existing radiation safety standards, 
A decrease in allowable exposure by a factor of ten would 
increase costs by about 20% with existing facilities but 
would have no significant cost effect after the new facili- 


ties are installed. 
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MARITIME REACTORS 

The feasibility of marine propulsion reactors depends heavily 
upon the cost of effective and efficient radiation protection for 
the operating and maintenance crew, the general public and the 
environment. 

The design basis of the N. S. Savannah for radiation protec- 
tion was established from the requirements of Title 10, Code of 
Federal Regulation Part 20, and the recommendations of the National 
Committee on Radiation Protection for external and internal ex- 
posure of occupational workers and the public in vicinity of 
reactor operation. The shielding is designed to limit the 
exposure to 5 rem/yr for the crew, and 1/10 of this value for 
passengers and dock workers. Assumptions are made in the design 
as to average occupancy of an area and the average power level of 
the reactor. The shielding effectsof machinery cannot be predicted 
precisely and are not included in the shielding calculations. 

To insure adequate shield construction, an independent 
shield survey will be conducted during initial reector operation. 
Dose rates above design values will be corrected by placement of 
additional shielding materials. Dose rates in normally occupied 
crew areas are expected to be 1/10 of the design dose (5 rem/yr) 
which follows closely the experience of the engineering department 
of naval nuclear powered ships. Average dose rates in passenger 


areas are expected to be 3/10 of the design value of 0.5 rem/yr. 
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In addition to the normal operating doses, allowance must be made 
for radiation received during maintenance, Exposure during 
maintenance can be expected to account for a major portion of 
crew exposure, 

A containment vessel (223 long tons) surrounding the reactor 
and associated primary system is capable of completely containing 
the energy release resulting from a maximum credible accident of 
the reactor system, The shielding necessary to meet the design 
exposure limits consists of 1818 long tons of concrete, lead, 
water and polyethylene, 

A filtering system for discharge of airborne radioactivity 
has been included in the construction of the ship. The instru- 
mentation includes facilities for the monitoring of the exhaust as 
well as the ventilation intake for normally occupied areas. This 
instrumentation is only part of the complete health physics 
facility consisting of portable detectors, scalers, film process- 
ing equipment, protective clothing, and respiratory equipment. 

In providing radiation protection, the weight, capital costs 
of shielding, containment and instrumentation have, in effect, 
penalized the SAVANNAH severely in terms of effectively "losing" 
this increment of cargo carrying potential, i.e., which on future 
ships could provide the balance for economical operation, 

Further lowering of the permissible levels of radiation and 


radioactivity would pose serious problems by requiring heavier 
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shielding on ships, by restricting the performance of maintenance on reactor 
plants, by increasing the difficulty of controlling trace quantities of radio- 
activity in air and waste water, and by complicating the problem of measuring 
and monitoring of radiation and radioactivity, Any additional shielding suf- 
ficient to effect a significant decrease in radiation levels throughout the ship 
would result in weight increases and a loss of cargo revenue, 

Since the current trend in design for freighters, and including the 
SAVANNAH, is for a large cubic volume per deadweight ton, ship revenue is 
thereby limited to the weight of cargo that can be transported, Thus, any 
reduction in plant weight yields increased cargo deadweight, The design of 
economically competitive nuclear merchant ships of the future must necessarily 
have larger cargo tonnage capacity per plant deadweight and capital costs, 

Monitoring radiation levels lower than those now planned would be 
extremely difficult, if not a practical impossibility, The situation in this 
respect is substantially the same on a nuclear merchant ship as discussed in 
the naval reactors section of this report, 

In the absence of an existing adequate set of graund rules for 
world-wide disposal of radiation materials into the ocean, the SAVANNAH is 
designed to contain all liquid and solid radioactive wastes for subsequent 
removal, packaging and disposal by the use of servicing barge and shore facil- 


ities, Ocean disposal, as recommended by the National Academy of Sciences 


would lead to 
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reduction of exposure risks in the present waste handling system, 
increase of cargo capacity tonnage, elimination of major costs 

of waste processing system, as well as time saving resulting from 
reduced inport servicing operations. 

If more stringent radiation standards were to be applied to 
reactor operation, the resulting expense and regulatory complexity 
could well be a decisive factor in stifling the development of the 
use of atomic energy for ship propulsion, 

MILITARY REACTORS 

Military reactor development is under the immediate direction 

of military officers assigned to the AEC for this purpose. The 


following discussions accordingly include the military viewpoints of these officers 


with respect to the problems of radiation protection standards, 


NAVAL REACTORS 
Naval reactor plant designs have consistently embodied all 
reasonable conservatism wherever radiation or radioactivity are 
involved. Despite pressures to reduce the weight of shielding, 
the conservative design has been maintained. As a result, the 
nuclear-powered naval vessels have been able to meet even the last 
reduction in permissible civilian radiation doses without changes 


in designs or operating procedures. 


RADIATION AND SHIELDING 
Present naval reactor shielding meets all existing civilian 


radiation standards and recommendations, and in addition has the 
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following built-in factors of conservatism: 

(a) Present AEC radiation standards, based on recommenda- 
tions by the National Committee of Radiation Protection and 
Measurement, permit up to 3 rem in any quarter-year, so long as 
a person's accumulated dose does not exceed 5 times his age in 
excess of 18 years. To insure always meeting this requirement we 
design our shielding for 5 rem per year. 

(b) In our designs we make certain conservative assump- 
tions as to how long a man might stay, on the average, at various 


locations, and what the average power level of the reactor will be, 


(c) We also design the shielding so that the highest 


radiation level in any compartment will not exceed specifications, 
and this means that the average radiation levels in each compart- 
ment are considerably lower than this. 

(ad) Many further factors which we cannot predict precisely 
we do not count on in our shielding design; this includes the 
shielding effect of various equipment, contents of tanks, etc. 
which may not always be present. 

These factors give us considerable conservatism for the 
average crew member under average conditions. Our records show 
that the average person in the engineering department of a naval 
nuclear powered ship has been receiving about 1/2 rem per year. 

However the shielding must be designed for the worst case, 
not the average case. The highest doses received by any person 


aboard each nuclear ship thus far have been about 1 or 2 rem per 
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year. In addition, there are other factors which will tend to 
increase the radiation received by personnel in the future: 

(a) Whereas the Nautilus and the Seawolf first operated 
about 1000 full power hours per year, current operations of 
nuclear ships are greater than that figure, and may increase still 
further. 

(b) In addition to the normal operating doses, allowance 
must be made for radiation received during maintenance. We must 
assume that as the ships get older the number of hours spent on 
maintenance will increase. 

{c) We must also assume that the radiation levels en- 
countered in reactor plant maintenance will increase as more 
reactor operating hours are accumulated, 

These factors indicate that, although radiation doses 
received by naval personnel to date have been low, they may in- 
crease, and a further reduction in permissible radiation levels 
woulc require added shielding. Any additicnal shielding suffi- 
cient to effect a significant decrease in radiation levels through- 
out the ship would result in serious weight increases. In many 
cases shield weignts could not be so increased without direct 
impairment of military characteristics. 

In addition to the question of weight, the problem of 
monitoring radiation levels even lower than those now maintained 
would be difficult. Present permissible neutron levels are 


already below practical detection limits and dependence must be 
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Placed on gamma monitoring, supplemented by occasional laborious 
counting of microscopic neutron tracks in special nuclear emulsions, 


Even the present permissible gamma levels are so low as to present 
a difficult monitoring problem. 


RADIOACTIVITY OF THE SHIP’S ATMOSPHERE 

Present permissible levels for radioactivity in air are also 
80 low as to be near the limit of detectability of available 
radiation monitoring equipment. If these permissible levels were 
to be reduced any further, detection and monitoring could become 
a serious burden, since every fluctuation in normal background 
radiation would have to be assumed to be significart. We are 
already at the point where wrist watches must be sealed up in 
soldered cans during any submergence of more than « few days 
because radon from the watch dials would otherwise build up in 
the ship's atomsphere to greater than present permissible levels. 
This has actually been observed experimentally, and because of 
this we have prohibited use of radium on nuclear submarines for 
the usual purposes of luminous dials and switches, In the few 
cases where stock items containing radium were inadvertently 
brought aboard, their presence was easily detected by the ship's 
monitoring equipment, This is indicative of how low the radiation 
levels are that we are currently maintaining. 

Another aspect of the permissible air activity problem in- 


volves leakage of water from the reactor system. The water 
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normally contains radioactive impurities at or below current 
permissible drinking water levels. Leakage of this water into the 
air thus normally creates no hazard. However, if permissible air- 
borne radioactivity levels were decreased, this situation could 
then be defined as “intolerable” or “not permissible". Not only 
minor leaks, but routine operations such as sampling, venting, 
draining and minor maintenance could lead to fluctuations in 
background radioactivity. Decreasing permissible airborne radio- 
activity levels might require that during such fluctuations (if 
detectors could be built to detect reliably such low levels) all 
personnel would have to wear respirators. This is not a safe, 
desirable, or effective way to work. This point is particularly 
important in a wilitary craft, where survival may depend on the 


crew operating at maximum effectiveness. 


RADIOACTIVE WASTE DISPOSAL 

Present Navy instructions, worked out in cooperation with 
the AEC aid with the U. S. Public Health Service and cognizant 
local public health authorities, permit water from nuclear powered 
naval ships to be discharged into harbors when it contains radio- 
activity less tran 100 times the drinking water tolerances defined 
in the National Bureau of Standards handbooks. Reactor cooling 
water in our ships normally runs, at full power, at or near drink- 
ing water tolerance for cobalt 60 and tungsten-187, and consider- 


ably less for all other long-lived isotopes. Operating 
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instructions to the ships state that radioactivity levels 10 times 
higher than normal indicate undesirdble plant chemistry which 
should be investigated and corrected. (This level has never 

been reached in any of our ships.) 

During 1958, the Nautilus and the Skate together discharged 
radioactive water into the New London harbor a total of 84 times, 
Each time, the quantity of water discharged and its radioactivity 
were measured and recorded; at no time was the permissible radio- 
activity limit exceeded. The records show that a total volume of 
7500 gallons containing a total radioactivity of only 0.4 curies 
was discharged. Stringent monitoring of the water and air in the 
immediate vicinity of these discharges has never ¢i.eclosed an 
increase in environmental radioactivity attributable to these 
discharges or to any other aspects of the operation of nuclear 
powered ships. These surveys are maintained by the Public Health 
Department of the State of Connecticut in cooperaiiton with the 
U. S. Public Health Service, the Navy, and the Electric Boat 
Division, (Similar surveys are being carried out at all other 
shipyards building nuclear powered naval ships.) 

Reduction of the limits on waste disposal might require the 
ships to have waste disposal systems for handling and treating 
wastes. These would increase space and weight requirements, As 
with shielding, such weight and space increases could impair 
military characteristics of the ships. 





CONCLUSIONS 


(a) Current standards and procedures regarding radiation 
and radioactivity on naval nuclear powered ships provide adequate 
and reasonable protection for operating personnel and for the 
public. 

(b) The total amount of radioactivity released to the 
environment by naval reactors is trivial, based on environmental 
measurements and on comparisons with other accepted sources of 
radioactivity. 

(c) Further substantial reduction in permissible levels 
of radiation or radioactivity could: 

(1) create a difficult monitoring and control 
requirement 

2) complicate operating procedure: 

3) increase costs of equipment and records 

th increase weight and size of naval ships 

(4) If further reductions in permissible levels of 
radiation or radioactivity are enacted, it is possible that the 
Navy would have to consider taking exception to them for naval 
application, based on military necessity and on demonstrated 
adequacy of present criteria on naval reactor plants. 

(e) For these reasons, the Navy would probably be un- 
Willing to accept more restrictive radiation standards, and would 
consider continuing with present practice on the grounds of 
military necessity and experience to date, 
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ARMY REACTORS 


Stationary or Portable Power Plants: The vapor container 
or primary system compartment and the additional shielding pro- 
vided in all present stationary and portable plants (in operation 
or construction) is such an excellent biological shield that the 
radiation outside the vapor container or primary system compart-. 
ment, other than near the primary system demineralizer, is 
practically immeasurable, Accordingly, normal power plant crew 
operations outside of the vapor container or primary system com- 
partment cun be conducted, Changing the allowable dose rate could 
not conceivably affect operation or maintenance in this area un- 
less rew, more sensitive measurement methods were developed. 

On She other hand, access to the vapor container, other than 
the SL-1, is prohibited during operation. Even during downtime 
access is limited by the gamma activity. At the SM-1l the average 
gamma background is sufficiently great so that the current Army 
allowable daily dose (50 mr) is received in about one hour. Access 
to such areas as the steam generator channel is even more severely 
limited. According to Alco calculations, access to the steam 
generator channel (* activity of 4-5 R/hr) is limited to 6 minutes 
using the AEC Part 20 tolerance limits of 900 mrem for any period 
less than one week. Such an exposure prevents the person from 
being used for radiation work for a period of 13 weeks. Conse- 
quently, where extensive maintenance is required, a very large 


number of personnel will have to be used, 
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Increasing the allowabie dose rate will not noticeably affect 
the ease of maintenance of such hot items as the steam generator, 
However, it will allow for more normal maintenance of the other 
reactor components inside the vapor container. Decreasing the 
allowable dose rate will have the reverse effect. 

Mobile Power Plants: To date no set policy has been estab- 
lished for the allowable dose rate during the operation of Army 
mobile power plants. In certain MCR studies a dose rate of 
<10 mrfmr at 400 feet is required during operation. 

If the ML-1 and MCR allowable dosages were increased, then 
two alternatives are possible: (1) The amount of shielding 
required could be reduced, which would be extremely advantageous 
from the standpoint of decreasing plant weight; for example, one 
inch of lead on a 96 inch diameter sphere weighs abous 6 tons; or 
(2) With current designs, increasing the alloweble dosage will 
allow a decrease in the size of the restricted access area, 
increase the allowable maintenance during downtime, and increase 
the working capabilities of the operators, 

If the allowable dose rate were decreased, then the MCR 
might be eliminated from consideration due to excessive shield 
weight. Decreasing the allowable dosage for the ML-1 will have 
little effect other than to increase the size of the restricted 
access area and possibly increase the time (after the reactor is 
shut down) before maintenance or moving of the reactor can be 
accomplished, 
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General: In general, all Army Nuclear Power Program plants 
will be operated in peacetime under currently applicable DOD or 
AEC radiation hazard restrictions. At present civilian exposure 
is limited to the recommendation of NBS Handbook #69, while 
military employees exposures are controlled in accordance with 
MIL-TB-MED-254, None of the above comments regarding mobile 
plants will necessarily apply under operational conditions in 


wartime, 
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AIR SPACE 
General: In general, all Army Nuclear Power Program plants will 
be operated in peacetime under currently applicable DOD or AEC radiation 
hazard restrictions. At present civilian exposure is limited to the 
recommendation of NBS Handbook #69, while military employees exposures 
are controlled in accordance with MIL-TB-MED-254. None of the above 


comments regarding mobile plants will necessarily apply under operational 


conditions in wartime. 
AiR/SPACE REACTORS 

Manned Aircraft Program: Crew shielding from the outset has been 
given most serious consideration and study for the utilization of nuclear 
power in manned aircraft. Shield weight, airplane size, and reactor 
power are closely inter-related design criteria. Any refinements 
achieved in the state-of-the-art of shielding development will show an 
immediate pay-off in increased payload and useful cargo space availability. 

Civilian occupational standards (NBS #69) have been taken as a 

goal in calculating crew-shield requirements. Substantiation of stan- 
dards by proven damage criteria would be very valuable in making a 
decision as to how much, if any, risk may be taken by exceeding civilian 


standards for military crews. It is recognized that since any military 
crew flying combat planes may be exposed to hazards greater than those 
acceptable in civilian pursuits, it might well be that some radiation 
hazard will be acceptable in military planes. Arbitrary lowering of 


acceptable civilian occupational exposures would not provide a rational 


basis for military decision. 
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We must also consider the gemeral population. It has been postulated 
that early aircreft flights will be over frienily territory, and that 
these flights will be confined to a corridar. Analysis of fission products 
which will escape to the atmosphere from a direct cycle reactor indicates 
that I-131 is the limiting factor. Flight corridor usage will be such as 
to conform to acceptable public standards, but an arbitrery lessening of 
the acceptable levels may well impose unacceptable limitations, 

Rover nuclear rocket and Pluto nuclear ramjet: Accident considerations 
at present make it appear that a coastal or off-shore launch site and an 
ocean flight test range will be required. Accordingly, any change in 
radiation criteria would have no practical effect on these programs, ex- 
cept as discussed in separate testimony by the Chairman of the Aerospace 
Nuclear Safety Board of the Atomic Energy Commission. 

Snap devices: Analysis of the characteristics of launching conven- 
tional satellite vehicles indicates the desirability for coastal launch 
sites and in turn to a large extent this determination satisfies safety 
requirements for nuclear components of such satellites. Accordingly, on 
launch, there should be no "general population exposure" problem; however 
there is a further general consideration, that of nomen of such com- 
ponents, and this problem is considered in the design of such devices to 
insure their destruction prior to re-entry. Lowering of the permissible 
rates would not affect reactor powered Snap wits as these are launched 
cold and are not started until successful orbit is obtained, however, in 
isotope powered units radiation is present prior to launch. In this 
latter event lowering of the permissible rate would necessitate increased 
handling equipment and/or increased complexity of launching procedures. 

In certain terrestrial applications of Snap units where weight and size 
are not restricting characteristics no difficulty is foreseen in meeting 
applicable standards. 
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WEAPONS ACTIVITIES 

Commission responsibilities for the development and produc- 
tion of nuclear weapons naturally require experimentation with 
fissionable and radioactive materials, manufacture of nuclear parts 
for weapons, shipment and storage of assembled nuclear weapons. 

The hazards connected with external radiation sources and the in- 
take of radio-nuclides have been recognized from the beginning 

of the weapons program and extensive measures have been taken to 
avoid or reduce exposure of personnel to ionizing radiation. All 
operations are controlled to comply with AEC Manual Chapter 0524 
which sets forth the limits of personal exposure, as recommended 
by NCRP. Such control is accepted as a serious management respon- 
sibility and every effort has been made to provide <il contractors 
with necessary instrumentation and qualified perscnnel for this 
purpose, 

In weapons research a significant number of lartoratory 
personnel work in a radiation background with or near fissionable 
materials. Experimentation with critical assembliee or radioactive 
materials although done with great caution, cannot aiways be done 
without some unpredictable brief exposures in excess of the pre- 
scribed weekly or quarterly limits. There are also weapons related 
research projects which involve continuous low-level exposure in 
situations where the experiment cannot be performed with complete 
shielding. Such problems are met by careful scheduling and 
rotation of people. 

The natureof weapon production activities permits a more 


controlled and refined system of avoiding over-exposures than do 
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research activities. However, there are some weapons production 
operations which require workers to be exposed to radiation 
approaching the limits established by AEC Manual Chapter 0524, 
In these situations, careful monitoring of work areas and schedul- 
ing of personnel have been effective in preventing excessive 
exposures, 

Nuclear weapons handling and storage activities present no 
serious radiation exposure problem since continuous exposure to 
levels approaching the limit are not required. In these activities 


personnel receive doses well below the tolerance level. 





Part III. Application of Radiation Protection Standards to 
the Procurement and Processing of Materials 


WASTE DISPOSAL 

In any discussion of radiation protection standards with 
their application to radioactive waste disposal, or in any 
assessment of the impact of revised quantitative limits or 
standards upon waste management operations, it is essential to 
understand and to delineate the types of radioactive waste 
materials which are discharged to man's environment. Although 
general knowledge and comprehension of the public on this 
subject is improving, insufficient distinction is made concerning 
the nature, quantity, and source of waste materials, and 
equally important, the type and behavior of the receiving 
environment involved. In this connection, we are primarily 
concerned with the kinds of radioactive effluents which are 
discharged during normal operation of all types of nuclear 
facilities. It is evident that so-called high level waste, 
which is generally associated with irradiated fuel reprocessing, 
does not introduce now and likely will not in the future most 
of the potential environmental radiation problems, but rather 
the high-volume, low-concentration effluents which are dispersed 
to the environment in accordance with generally acceptable 
limits. 

In the satisfactory handling and disposal of all nuclear 
waste materials, it is important, at the outset, to distinguish 
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between "radiation protection standards" and “operating criteria", 
The former recommends maximum permissible concentrations of 
radionuclides in air and water which are to be used as a guide 
in keeping radiation exposure to a practical minimum, In 
connection with the latter, it is noted that a "dilute and 
disperse" approach to radioactive effluent control for certain 
wastes has been practiced at AEC installations. It has been 
demonstrated that this approach can be safely utilized for low- 
concentration wastes, either directly or after treatment, 
depending on the extent of dilution available in the receiving 
environments. In utilizing this approach as a basis for design, 
it is possible to establish engineering or opereti., criteria 
for waste management systems by giving detailec consideration 
to: 
1. The type and quantity of waste material involved, 
1.e., its physical, chemical and radio2cgival 
properties; 
2. The bio-geochemical characteristics of the receiving 
environment, and 
3. The interaction between the two, in order to assure 
that the potential hazard to man and his resources 
is kept within acceptable limits. 
By this evaluation, required treatment efficiencies are determined, 
and process equipment selected which will satisfy "operating 
criteria". It is evident that with varying kinds of waste 
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materials and depending on the specific environmental 
characteristics of the nuclear facility site, "operating 
criteria" will differ for each installation, whereas "radiation 
protection standards" would remain universally applicable. 

In further discussion of the “dilute and disperse" approach 
to radioactive effluent control, it is desirable to briefly 
mention the application of radiation standards at the "point 
of discharge" or the alternative "point of exposure" philosophy. 
These two different fundamental approaches to effluent control 
are not peculiar to the atomic energy program, but have required 
engineering evaluation in all industrial waste and stream 
pollution problems. From a regulatory standpoint, it appears 
simpler to devise certain engineering standards of a quantitative 
specification type for permissible waste releases and to determine 
plant operation on the basis of these effluent standards. But 
as in the case of other complex industrial waste problems, 
experience and operating data have shown that it is reasonable 
and feasible to utilize our environment for receiving certain 
high-volume, low-activity waste material without exceeding 
accepted health and safety standards. 

It should be fully recognized that the "point of exposure" 
approach to radioactive waste management has certain limitations 
and can be used only when a detailed assessment of all environ- 
mental conditions, including geo-hydrology and meteorology, is 


available on a continuous basis. In this connection, the 
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effects of radioactive decay, dilution, and the reconcentration 
of radionuclides in our ecological system, require continuous 
evaluation. 

In the early days of the atomic energy program, a number 
of waste handling systems were designed and constructed on the 
basis of "point of discharge" criteria. As program requirements 
at the national laboratories and production sites increased, it 
became essential that environmental science technology be 
developed to determine what potential effects waste disposal 
operations were having on man, his environment, and his natural 
resources. In the past ten years quantitative data and knowledge 
have been obtained on dispersion phenomena, reconcentration 
factors, etc., which have demonstrated the valiiity of using the 
“point-of-exposure" approach without comprom!sing health and 
safety standards. This procedure has permitted the safe 
development of the nuclear-energy industry without inordinately 
restrictive waste handling requirements, and secondarily, has 
effected considerable operating economies. It should be 
emphasized that utilization of environmental dilution capacity 
is only applicable for certain kinds of wastes generally 
characterized as large-volume, low-activity waste, and that 
high-activity waste, resulting from the chemical processing of 
irradiated reactor fuel, will likely always require complete 


containment. Furthermore, it may be appropriate to watch the levels in the 


environment from time to time. 
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AEC waste handling facilities have, in general, been 
designed in accordance with NCRP recommendations for holding 
exposures in the range of 1% to 10% of maximum permissible 
limits for occupational exposure. Because of uncertainties in 
representative sampling, analytical techniques, exposure 
measurements, etc., further arbitrary restrictions have been 
imposed on certain operations. Several illustrative examples 
will indicate the conservative and restrictive radiation exposure 
limits which are utilized in Commission operations. In the 
interests of plant improvements involving certain process 
modifications, it has been possible to further reduce radiation 
exposure, even though existing operations were well below 
accepted radiation standards. 


‘See Appendix D. 











626 RADIATION PROTECTION CRITERIA AND STANDARDS 


It is also noted that the operation of research laboratories, 
such as found at BNL, ANL and ORNL, differs in many respects to 
production or power reactor facilities. The levels of radiation 
in some laboratory operations are dictated by low-background 
experimental requirements rather than by health and safety 
standards. In some cases, experimental radiation levels are 
at least one hundred times more stringent than those determined 
by safety requirements, 

Power reactor operating experience is essentially limited 
at this time to the full-scale nuclear power station at 
Shippingport, Pennsylvania. The PWR waste disposal design is 
based on point-of-discharge standards of 1 MPC for both air 
and water as recommended in NBS Handbook am 52 and 69. The 
capital cost of the plant was approximately $2,700,000 and the 
yearly operational cost is over $100,000. During the first 
year of operation, only 1 of the design limit for mixed 
isotopes and about 1 of the design allowable tritium content 
were discharged to the Ohio River. This indicates a conservatism 
whichwould be expected in initial power reactor design, but it 
also provides leeway for safe liquid disposal of higher activity 
wastes. The fact that waste discharge limits were based on 
mixed isitopes (rather than on the basis of the actual isotopic 
composition) represents an additional substantial safety factor. 

The examples cited may lead one to conclude that modification 
of present radiation protection standards downward would perhaps 


cause no additional cost or operating restrictions. In certain 
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cases, however, installations are operating close to permissible 
exposure limits recommended by the NCRP, because, in general, 
these limits have been considered conservative, 
In many instances a reduction in standards bya factor of five or 
ten would require large capital expenditures and substantial 
increases in operating budget levels. Many present analytical 
procedures would require costly modification because of lack 
of sensitivity; the frequency of representative sampling in 
environmental media would have to be greatly increased, The 
feasibility of such increased efforts is questioned when one 
considers at Hanford alone, about 40,000 samples are collected 
yearly and approximately 75,000 analyses are performed on these 
samples. No effort has been made to estimate the impact of 
increased capital and operating costs on this plese of the 
industry; however, when one considers the radiation exposure 

\ experience to date from waste disposal operations and that the | 
present level of expenditures for health and safety purposes 
in this industry far exceeds that for any other industry, any 


additional costs are certainly subject to serious question. 
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The points that are inherent in the use and 
interpretation of these so-called MPC's, and which one must 
take into consideration in any assessments of waste disposal 
practices, such as a) the fact that they are based on long-term 
(life-time) exposure and averaging or analysis over some period 
of time is involved, b) the MPC's vary for different radionuclides, 
c) all sources contributing to the total body burden or to 
radiation exposure must be considered, d) various arbitrary 
factors introduced in the application of these MPC's to various 
segments of or large populations, and others, make it quite 
clear that competent interpretation and judgment cannot be 
completely supplanted by an instrument dial or a radiometric 
analytical technique. It would appear essential that swech an 
array of numbers be utilized asa guide for radiation protection 
in waste management operations and not solely nor specifically 
as an absolute measurement of whether or not adequate protection 
is being achieved. 

As noted previously, it appears to be the consensus that 
it will always be necessary to use the capacity of specific 
environments to some extent in the disposal of certain types of 
wastes from the nuclear energy industry. That this can be done 
safely (i.e. within existing generally accepted limits) has been 
demonstrated by experience to date at several locations. The 
cost of processing or containing all nuclear energy industrial 
wastes so that no radioactive materials are discharged to the 


environment would be prohibitive, 


des, 
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It would seem reasonable to suggest, therefore, that in 
radioactive waste management operations, and from both the 
technical and administrative standpoint, numbers indicated as 
MPC's should be considered as radiation or environmental 
protection guides and that the administrative or regulatory 
function (related to waste disposal) be that of assuring 
adequate performance or operational criteria. Competent 
technical analysis and interpretation are obvious requisites in 
discharging such functions. Accordingly the following basic 
principles should apply in radioactive waste disposal operations: 

1. The minimum practicable amount of radioactive 

materials should be dispersed into the environment, 
The determination of "practicable amounts" must 

be related to a) the characteristics, including 
treatment requirements of specific wastes and b) 
an assessment of specific environments to assure 
protection of the public health and safety. 

2. Continuing or periodic monitoring is mandatory 

in order to assure that established criteria are 
being met and radiation protection guides are being 
followed. (Criteria regarding location and frequency 
of samples, analyses required and other radiometric 
measurements are a necessary part of such monitoring). 

3. Performacce criteria are subject to modification 

which may be required due to changes in waste 


materials or environment. 
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RADIATION HAZARDS IN URANIUM MINING AND MILLING OPERATIONS 


TESTIMONY AT 1959 JCAE HEARINGS 


Information on the radioactive hazards of mining and 


milling uranium ores which was presented at the 1959 JCAE hearings 


included the following: 


1. Industrial Radioactive Waste Disposal Hearings 


a. 


Grand Junction Operations Office, AEC; 


"Industrial Radioactive Waste: Mining and Milling 
of Uranium Ores." 


Holaday, D. A., U. S. Public Health Service 


"The Nature of Wastes Produced in the Mining and 
Milling of Uranium Ores." 


Raw Materials Development Laboratory, Winchester, Mass. 


"Nature of Wastes From the Uranium Milling Industry." 
Gahr, W. N., Colorado State Department of Health 
"Uranium Mill Wastes." 

Tsivoglou, E. C.; Kalda, D. C.; and Dearwater, J. R. 


"Waste Characteristics for the Resin-In-Pulp Uranium 
Extraction Process." (Geneva Paper) 


2. Employee Radiation Hazards and Workmen's Compensation 


Hearings 


a. 


Kusnetz, H. L. 

"Radon Daughter Product Samples: 1956 - Report on 
Data submitted to the Occupational Health Field 
Station, U. S. Public Health Service." 

Kusnetz, H. L. 


"Review of Environmental Studies in Uranium Mills." 
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c. Holaday, D. A.,"Radiation Exposure in Uranium 
Mines and Millis." 
d. Doyle, H. N., "Radiation Hazards in Uranium Mining." 

This testimony emphasized that the primary radiation hazard 
in uranium mining is that due to the presence of the alpha 
emitting decay products of radon gas in the mine atmosphere to 
which the miners are exposed. 

In the ore milling plants the principal hazards indicated 
are (1) those due to airborne dust originating from ore handling 
operations such as crushing, sampling, and conveying; (2) those 
due to airborne dust originating from uranium concentrate 
handling operations such as drying and packaging; and (3) those 


due to pollution of natural waters by radium-containing waste 
mill liquors. 


REGULATIONS AND REGULATORY STANDARDS 


1. Mining 

&. The AEC does not regulate uranium mining operations. 
However, it does control through leasing arrangements 
@ group of 17 mines on withdrawn land. 

b. The Department of Interior exercises regulatory aithority 
oVer a group of about 50 mines located on Indian lands, 

c. The Department of Labor may have authority over mines 
supplying ore to mills which are subject to the 
provision of the Walsh Healy Act. 
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ad. The States have regulatory authority over mines and 
some of them have specific regulations to control 
radiation hazards. Colorado and Utah regulations 
specify permissable concentration. New Mexico 
regulations specify the minimum ventilation rate 
per man. 

2. Milling 

a. All uranium mills are subject to the provisions of 
AEC regulations. 

b. The Department of Labor also has authority over the 
mills under the provision of the Walsh Healey Act. 

c. The U. S. Public Health Service exercises authority 
to prevent pollution of interstate waters. 

dad. State industrial health and safety regulations apply 
to the mills. 


CURRENT EXPERIENCE 


The experience of the AEC in the radiation problems of 
mining is limited to the group of 17 mines which are under lease 
by the AEC to private operators. This experience is described in 


the supplement hereto entitled "Radiation Hazards in Uranium 
Mining." 


The various uranium ore processing mills differ somewhat as to process but 
the special equipment needed would be similar and the extra processing costs to 


assure adéquate control of all radiation hazards should be in the same neighborhood. 
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On this basis the experience of the AEC-owned mill at 
Monticello, Utah, may be used to exemplify that of the mills 
generally. Although this mill was closed at the end of 1959, 
studies of the radiation hazards and means to control them were 
conducted during the preceding two years by National Lead 
Company, the contracting operator. This experience is described 
in a document entitled "Radiological Hazards Survey and Control 
Program at the AEC Uranium Mill in Monticello, Uteh." 1/ 


CONCLUSIONS 

On the basis of AEC experience with the 17 leased mines, 
which is limited to preliminary surveys and recommendations for 
appropriate improvement, it appears that those mine operators who 
carry out the recommendations will be able to comply with the 
state regulations and that the attendant costs will not be 
excessive. 

The Commission's experience at the Monticello mill may be 
considered as typical of the uranium milling industry, except 
that newer mills may not require such extensive equipment 
modification. Because the early closing of this mill was 
contemplated while the studies were in progress, only the most 
essential parts of the contractor's recommendations were carried 
out. Even on this basis, however, the equipment changes made, 


ee x A. 
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together with the establishment of biological control over the 
exposure of each employee, and the adoption of improved personal 
hygiene practices resulted in virtual control of the hazards 
within the limits of 10 CFR Part 20. 

The effect of these changes on operating costs at the 
Monticello mill is estimated on the basis of limited experience 
to range from $0.70 to $1.00 per ton of ore. The extra capital 
investment for this 350 ton-per-day mill, if fully carried out, 
would have amounted to $285,000. Newer mills may require less 
extensive capital investment. 

Costs of this magnitude are of concern to the industry. 
Any downward revision of permissable limits for concentrations of 
natural uranium or radium 226 would further increase both 
operating and capital costs. An upward revision on the other 
hand would not materially reduce costs unless the changes were of 


considerable magnitude. 


(Supplement ) 


RADIATION HAZARDS IN URANIUM MINING 


Beginning in 1949 the Commission in cooperation with the 
Public Health Service and various state organizations undertook 
studies to determine the potential radiation hazards in uranium 
mines. The investigations included both environmental studies 
and periodic clinical studies of groups of uranium miners. These 
investigations undoubtedly contributed to the establishment of 
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state regulations defining maximum allowable radiation concen- 
trations in uranium mines. As early as 1954 Colorado passed 
legislation on this subject and in February, 1955, the State of 
Utah sponsored a seven-state uranium mining conference on health 
hazards. It appeared that adequate safety measures would be 
enforced by the states under their regular mine safety programs. 

This, however, has not proved to be the case. In the 
Spring of 1959 the Commission employed the Bureau of Mines to make 
surveys of the uranium mines operated under ABC leases. The 
Bureau at that time also had undertaken an inspection of uranium 
mines operating on Indian lands. The results of the initial 
inspections indicated that nearly all of the mines had radon 
concentrations above acceptable standards, which also are the 
standards set forth in the state mining regulations. Copies of 
the Bureau's reports of AEC's mines were furnished to the mine 
inspector of the state wherein the mine is located and copies 
also were furnished to the Department of Labor and the Public 
Health Service. 

The information developed by these surveys shows that there 
is a wide variation in the concentration of radon daughters in 
different mines and also in different sections of the same mine. 
The measuring techniques and the maximum permissible level to 
which the values are related, usually referred to as a “working 
level", are defined in U.S. Public Health Service Publication 
No. 494, The established value is 300 micro micro curies per 
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liter of the alpha emitting decay products of radon. Expressed 
in terms of multiples of the W.L. (working level) the average 
values found in the initial survey of the seventeen AEC mines 
ranged from less than one W.L. in the case of two mines to more 
than ten times W.L. in the case of five mines. Most of the other 
mines had one or more areas where individual tests showed more 
than ten times W.L. 

On the basis of information reported by the Bureau of Mines, 
the Commission undertook enforcement of health and safety 
regulations in mines operated under AEC leases. The Bureau has 
been engaged: to make periodical surveys of each of the mines and 
AEC engineers have been assigned to follow the progress being made 
in meeting prescribed standards. The AEC leases will be subject 
to cancellation unless satisfactory compliance is effected within 
a reasonable period of time. It appears that most, if not all, of 
the mines can be brought into compliance by providing adequate 
ventilation and sealing off unused working areas. All operators 
of AEC~leased mines have been required to take appropriate :-: 
corrective measures. 

Progress reports show that some of the smaller properties 
are effecting improvement by simple rearrangement of existing 
equipment, while some larger properties are incurring substantial 
expense in installing new equipment. In the case of two small 
mines producing less than 100 tons of ore per week, improvement 
costs have been reported at $1.05 and $0.25 per ton of ore. The 
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highest concentration of radon daughters found any place in the 
first of these was reduced from 23 times W.L. to less than one 
W.L. In the second case the corresponding reduction was from 
6.3 times W.L. to 2.8 times W.L. Further improvement would be 
required in this case were it not for the fact that this mine is 
virtually exhausted and is expected to close in the next several 
weeks. 

In the case of two larger mines, costs of installation and 
improvements amounted to $10,000 and $20,000 which, expressed in 
terms of cost per ton of ore reserve, amounted to $0.42 and $0.28 
respectively. While information on the effect of the improvements 
in these two mines is not yet available, it is expected that the 
concentrations will be found at or below one W.L. 

As stated in the 1959 testimony the estimated cost of the improvements 
necessary to bring radon daughter concentrations down to permissible 
levels ranges from $0. 15 to $1.35 per ton of ore mined, 

The procedures instituted by the Commission are designed 
not only to bring AEC-leased mines into compliance but also to 
establish the methods and procedures required to effect 
satisfactory working conditions within typical uranium mines, 
particularly small mines. The problem of the small mine operator 
generally is more difficult because the capital cost of the 
ventilating equipment and ventilating openings must be charged 
against a relatively small production. However, from information 
Geveloped to date it appears that most mines can absorb the cost 
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and still operate profitably. There is little question but that 
the large underground uranium mines in the Western states can 
provide adequate ventilation without substantially affecting the 
economics of production. In the case of both large mines and 
small mines continuous attention must be given to the extension 
of ventilation into new workings. 

Since conditions in a mine change seasonably and also as 
development progresses, considerable experience may be required 
before the effect of the changes can be evaluated. Periodic 
surveys and regular surveillance are required. It appears that 
the existing permissible level as defined in Colorado and Utah 
mining regulations is not unduly restrictive. If the permissible 
level were to be revised downward, however, the affect on costs 
would probably be more pronounced. This opinion is based on the 
observation that ventilating costs rise rapidly with the rate of 
air change. 

All of the foregoing information on concentrations of radon 
daughters is based on environmental samples. The current 
objective is to reduce the radiation hazards to acceptable 
levels in all of the working places within the mine. Should 
this prove impossible or impracticable, assessment of the 
exposures to individual miners who are moving about the mine and 
working part of the time in places where the concentrations are 
above the permissible levels may be necessary, 
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PRODUCTION ACTIVITIES 

In 1947 the Atomic Energy Commission assumed from the 
Manhattan Engineering District responsibility for administering 
the atomic energy program which, at that time, was primarily 
directed toward the production of weapons. The atomic energy 
facilities were operated by private companies having considerable 
management and technical skills. The Atomic Energy Commission 
continued the policy of having private companies operate govern- 
ment facilities. Ar important responsibility of the operating 
contractor is the maintenance of a high standard of safety for 
its employees. This responsibility includes the development of 
an effective radiation protection program, 

The development of an effective radiation production program 
for the large production operations at AEC sites requires con- 
siderable effort. It is necessary to develop within each company 
the necessary administrative procedures and audit functions to 
assure that personnel exposures to radiation are maintained below 
recognized limits. All of the plants use the recommended standards 
published by the National Committee on Radiation Protection. For 
a radiation protection program to be effective, a systematic 
monitoring program to accumulate data is necessary to 


compare actual plant operating conditions with the recognized 
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standards. From such a monitoring program, it has been found practical 
to design and operate plants to control exposures to values below those 
recommended by the NCRP, 

Each contractor, handling large amounts of radioactivity, establishes 
certain plant control limits which are below the recognized standards. 
These control limits are established by the operating contractor to assure 
that personnel are not overexposed to radiation during routine operations. 
Although control limits are established, the overriding consideration has 
been, and will continue to be, to keep personnel exposure as low as practicable, 
The control limits established by each of the contractors depend on the 
particular task being performed, In some cases, the desired control is 
achieved by rotation of personnel. 

A complete presentation on the application of current NCRP standards 
to production operations was developed by having each of the major production 
sites to prepare a report for inclusion in this statement. The reports are 
contained in appendices "B" through "H". Except for the report on the 
radio-chemical processing plant at Idaho, which was prepared by the Idaho 
Operations Office, all of the reports were prepared by the operating contractors, 


These reports provide an insight into the effort required to assure that an 


effective system of controlling exposure is in operation. 
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To illustrate the sensitivity of plant operations to a change in the 
recommended limits published by the NCRP, a number of the appendices 
contain general comments pr the effect of a more restrictive standard 
on plant operations, Since these comments are not based on detailed 
analysis of the total economic impact of a change in the standards on 
plant operations, any costs included in the appendices should be 


considered approximate. 
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APPENDIX A 


The Radiological Hazards Survey and 
Control Program at the A.E.C. 


Uranium Mill in Monticello, Utah 


Prepared by 


National Lead Company, Inc. 
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Introduction 


The domestic uranium milling operations for the produc- 
tion of uranium concentrates, assaying about 75% U30g, from ores 
asaying about 0.25% U30,, have certain potential hazards peculiar 
to the material processed, in addition to the usual hazards of the 
milling industry. In these milling operations the uranium con- 
tained in the ores and its associated radioactive decay products 
(thorium-230 and radium-226 in particular) require that attention 
be paid to external radiation, ingestion and inhalation, and 
effluent control. 


The experience with a radiological hazards survey and 
control program at the A.E.C.-owned uranium mill in Monticello, 
Utah, before its recent shut-down in early 1960, indicated that 
compliance can be attained with the radiological control regula- 
tions applicable to the industrial uranium milling operations. 
(Code of Federal Regulations, Title 10, Part 20). 


While the experience at the Monticello Mill is not appli- 
cable in detail to other uranium mills, principles of the radio- 
logical control measures used at Monticello appear to be of general 
value. 


The A.E.C.'s Monticello Uranium Mill 


A proper understanding of the radiological control pro- 
gram development at the Monticello Mill requires a brief review 
of the history of the mill. ‘The unusually severe situations in 
adépting an existing facility for requirements that were not 
initially contemplated were regularly faced in the long history of 
modification and improvements at the Monticello plant. For this 
reason the particular experience at Monticello should not be used 
other than as a general guide. 


The mill in Monticello, Utah, was initially built and 
operated from 1941 to 1946 as a vanadium plant. In 1949 it was 
remodeled as a uranium mill and in 1955 it was again remodeled to 
be an initial production scale test of the new acid leach - resin 
extraction uranium milling process. A fairly intensive and regu- 
lar general plant improvement program followed, including proper 
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tailing pond facilities and other features of good plant design, 
operational safety and process modification. 


In June of 1958 when the National Lead Company, Inc. 
undertook the radiological hazards survey and modification program 
at the request of the A.E.C. to demonstrate compliance of the 
Monticello Mill with LOCFR Part 20, the mill was shortly to be con- 
verted to its final design of a 350 ton per day alkaline leach 
plant. It was with this process that the Monticello Mill was 
operated during the period of the radiological control program. 


The June, 1958, radiological hazards survey was per- 
formed by a team of industrial hygienists and engineers from the 
A.E.C.'s Feed Materials Production Center in Fernald, Ohio, with 
special assistance in radiochemical analysis and effluent treatment 
provided by the A.E.C.'s Winchester Laboratory. 


External Radiation 


The exposures of Monticello Mill employees to external 
radiation were evaluated by both instrument measurements and film 
badges. The conclusions reported were unanimous: external radia- 
tion levels were not a significant hazard at the Monticello Mill. 


Instrument measurements throughout the mill showed 
average levels. at a working distance from equipment of 0.6 - 1.5 
millirem/hour. The film badge results indicated the average high 
whole body exposure to external radiation to have been approximately 
35 millirem/week. These values are well below the Part 20 whole 
body Maximum Permissible Dose of 300 millirem/week. 


The details of the radiation surveys and results are pre- 
sented in 1.) HASL-9, "National Lead Company - Monticello Mill - 
Occupational Exposures to Radioactive Contaminants" by Health & 
Safety Laboratory, USAEC-NYOO, dated January 7, 1958; 2.) HASL-40, 
“Environmental Hazards Associated with the Milling of Uranium Ore - 
A Summary Report", by Health & Safety Laboratory, USAEC-NYOO, dated 
June 4, 1958; 3.) "Industrial Hygiene & Radiation Survey of 
Monticello Mill, Monticello, Utah" by J. F. Wing, National Lead 
Company of Ohio, dated August 8, 1958; 4.) WIN-114, "Survey & 

' Prevention Techniques for Control of Radioactivity Hazards at the 
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Monticello Uranium Mill" by R. G. Beverly, National Lead Co., Inc. 
Raw Materials Development Laboratory, dated December 15, 1958. 


Airborne Uranium Dust 


The concentration levels of airborne uranium dust at the 
Monticello Mill were brought within the range of the LOCFR Part 20 
limit for natural uranium in air (5x10711 microcuries per milli- 
liter) with relatively inexpensive measures that showed marked re- 
duction in dust concentrations in many plant areas. Extended 
operation of the Monticello Mill, however, would have necessitated 
capital investments in order to effect full compliance with the 
airborne dust limits of Part 20. 


The results of the survey conducted in June-July, 1958, 
indicated the major dust sources to be the crushing, splitting 
and conveying operations and the final product packaging areas. 
Additional sources included ore dumping and sample preparation 
operations. Overall the levels were in general agreement with 
those of previous surveys, particularly those reported by the New 
York Health and Safety Laboratory in HASL-9. 


The recommendations made as a result of the survey were 
of two major types: (1) those that would reduce exposures through 
improvements in operating procedures, maintenance, housekeeping, 
and minor equipment changes - all requiring little or no capital 
investment; and (2) those improvements that would require major 
mechanical changes or installation of new equipment requiring 
significant capital expenditures. 


Items of the first category were within the scope of the 
operating crew. Operating procedures were revised and special 
operating procedures established to improve housekeeping and reduce 
possible exposures by ingestion or inhalation of radioactive dusts. 
Minor changes were made in hooding and enclosing points of dust 
origin. Water sprays were installed ahead of and hind the 
crushers. The final product drying area was enclosed and venti- 
lated to reduce the levels in this area and eliminate the contamina- 
tion of adjacent areas such as the precipitation and uranium extrac- 
tion areas. Regular schedules were set up to provide for semi- 
annual air sampling surveys of the entire plant in addition to 
frequent survey checks of the critical areas. 











RADIATION PROTECTION CRITERIA AND STANDARDS 647 


The results of these measures are well demonstrated by 
the sharp reduction of area dust concentrations shown in the follow- 
ing table: 


Airborne Uranium Dust Concentrations* Before and 


After Modifications at Monticello Mill 


Dust Concentration 
Dust Concentration After Plant Modi- 
in July, 1958, fication in Jan. 


Survey 1959 
(Microcuries per (Microcuries per 
Plant Areas Milliliter) Milliliter) 
l. Ore Sample “ll “11 
Preparation Operation 30 x 10 0.5 x 10 
2. Ore Crushing Operation 60 x 107! 10 x 10711** 
3. Uranium Extraction 
Operation 15 x 10-11 1.5 x lo-1l 
4, Product Precipitation 15 x 10711 0.5 x lo-tl 
5. Product Drying Area 10 x 10711 3.0 x lo-ti 


*Maximum permissible concentration of LOCFR Pert 20 for airborne 
natural uranium dust in the mill is 5 x 10° microcuries per 
milliliter. 


**kThese levels represent dust concentrations measured in work areas 
and do not take into account the personnel protection afforded 
by appropriate respiratory protection used. 


Adequate control of airborne uranium dusts has been found 
to reduce the level of other airborne contaminants (silica, radon, 
etc.) to permissible limits. Some areas remained above permissible 
levels; however, exposure to personnel was reduced through the com- 
pulsory use of respirators; application of special operating 
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procedures restricting smoking, eating, etc. in the area; and 
operational requirements intended to improve hygienic performance 
of the employees working in these areas. Final and permanent re- 
duction of exposure in these areas would be dependent upon major 
equipment changes and substantial capital investment. 


<8 OT 


for uranium was established in 1956 at the Monticello Mill in light 
of the values of a similar program for operational control at the 
A.E.C.‘s Feed Materials Production Center. The particular values 
from such programs are: 1.) an indication of unusual dust condi- 
tions not always found by the regular area dust sampling programs; 
2.) a valuable index of each employee's work habits and hygiene, 
and 3.) a source of information in developing a better exposure 
picture for employees occupying a variety of areas with varying 
exposure levels. A resume of this program is presented in WIN-114. 


A biological control program employing urine analyses | 


Effluent Control 


The Monticello staff, in cooperation with the Winchester 
Laboratory organization, set up and operated an effluent treatment 
circuit at the Monticello Mill, showing satisfactory radium removal 
to the general levels required by 10 CFR Part 20. While this 
demonstration was limited to about 10% of the total plant effluent 
because of lack of the necessary equipment for full-scale operation, 
it was operated successfully for an extended period of time from : 
October of 1958 to June of 1959, testing various treatment methods | 
shown to be promising by the Winchester Laboratory. The following 
data extracted from the test records (WIN-114) are believed to be 
indicative of full-scale plant operations for the Monticello Mill: 


Treatment of Alkaline Tailings 
from Monticello Mill 


for Radium Removal 


Radium Assays 
(Microcuries per Milliliter x 1079) 


Effluest Before Effluent After Estimated Reagent 
Treatment for Treatment for Cost 


Radium Removal Radium Removal ($/ton of ore) _ 
Test Condition 1. 186 7 0.59 
a s 2. 73 13 0.20 
. ™ 3; 98 11 0.035 
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The applicable and most restrictive regulation for 
effluents leaving industrial plant sites in 10 CFR Part 20 is the 
maximum permissible level for radium-226 of 4x107? microcuries per 
milliliter. Values found after treatment in the mill demonstration 
as noted in the foregoing table, are approaching the Part 20 levels. 
Basic technical information developed by the Winchester Laboratory 
indicates that longer times and improved contact in the treatment 
circuit (not available with the improvised test arrangement) and 
additional reagent, would each permit attaining and surpassing the 


Part 20 value of 4xl0-9 microcuries of radium per milliliter of 
effluent. > 


No special treatment methods were required in the 
Monticello Mill for removal of uranium and thorium from the plant 
effluent since the operating conditions normally prohibit both from 
appearing in concentrations specified in the regulations. (It 
should be noted that mills using acid leaching conditions have dis- 


tinctly different effluent control problems than those of the 
Monticello Mill). 


Estimated Costs for Radiological Control 
at Monticello 


An estimate has been prepared of the costs that appear 
to be specific to the requirements of milling uranium ore at 
Monticello, assuming full compliance with 10 CFR Part 20. Certain 
of these costs are experienced costs, others are projected. 


Estimate of Additional Operating Costs 


Wages & Salaries $ 5,000/mo. 
Effluent Treatment Reagents - $2,000 to $5,000/mo. 
(Range depending on ore characteristics) 
Total $7,000 to $10,000/mo. 
or $0.70 to 1.00/ton ore 


milled 
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Estimate of Additional Capital Costs 


Projects for dust control and 


exposure suppression - $160,000 
Effluent Treatment Circuit - 125,000 
Total $285,000 


Estimated Impact of Changes in Permissible Levels 


Some useful guidance might be obtained in considering 
operating the Monticello Mill under substantially different radi 
logical control conditions, specifically at levels one-tenth of 
current levels and at levels ten-times current levels. It will be 
assumed for this estimate that the Monticello Mill would be opera- 
ting as an alkaline leach plant at 350 tons ore feed per day or 
essentially as it was before shutdown. Further, the estimate will 
be based on full compliance with 10 CFR Part 20 on a permanent 
rather than a temporary basis employing known technology. 


Order of Magnitude Costs for Radiological Control 
at the Monticello Mill 
at Higher and Lower Control Values 


One-tenth Present Ten-Times 
Present Part 20 Part 20 Present Part 20 
Levels Levels Levels 
Additional Operating Costs 
Wages & Salaries $9,000 $5,000 $4,000 
Reagents 8,000 4,000 1,000 
Total $17,000/mc. $9 ,000/mo. $5,000/mo. 
($1.60/ton of ($0.90/ton of ($0.50/ton of 
ore) ore) ore) 
Additional Capital Costs 
Dust Control $300 ,000 $160,000 $160,000 
Effluent Treatment 300 , 000 120,000 100 ,000 


Total $600 ,000 $280,000 $260,000 
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Analytical control at one-tenth of present Part 20 levels 
for radium-226 represents a rather severe analytical problem for 
routine control of plant effluents. These concentrations will be 
at background levels suggesting that the analyses would not normally 
be handled satisfactorily at a mill site. The desired + 10 to 20% 
accuracy at a 95% confidence level, however, can be met with special 
handling procedures. Normal analytical practice probably would not 
be more accurate than + 50%. 


Summar 


Surveys of the potential radiological hazards at the 
A.E.C.'s uranium mill in Monticello, Utah, indicated that external 
radiation levels were well below the permissible doses but that 
airborne uranium dust levels were high in certain working areas 


and that liquid effluents contained radium values above recommended 
limits. 


The airborne uranium values were reduced to the general 
range of Part 20 limits through minor construction modifications, 
establishment of special operating procedures for uranium milling 
and an intensive plant maintenance and housekeeping program. Cer- 
tain of these measures were recognized as temporary in light of the 
plans for shutting down the mill. Extended operations of the : 
Monticello Mill in full compliance with applicable regulations for 
radiological hazards would require capital investment. 


A demonstration of reduction of radium concentration for 
a portion of the regular plant effluent to acceptable levels was 
accomplished, based upon developments from the A.E.C.'s Winchester 
Laboratory. There were no difficulties detected in this extended 


plant test and scale-up to full plant operation could have pro- 
ceeded. 


Estimates have been made of costs that can be allocated 
to the special problems of milling uranium at the Monticello Mill. 
Capital costs are very specifically related to this particular 
plant, however the additional operating costs probably could be 
used as a general guide for similar situations. Order of magnitude 
judgments are presented to indicate how these additional capital 
and operating costs might have varied for the Monticello Mill with 
substantial increase or decrease in the permissible dose or con- 
centration levels. 
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Estimate of Additional Capital Costs 


Projects for dust control and 


exposure suppression - $160,000 
Effluent Treatment Circuit - 125,000 
Total $285,000 


Estimated Impact of Changes in Permissible Levels 


Some useful guidance might be obtained in considering 
operating the Monticello Mill under substentially different radi 
logical control conditions, specifically at levels one-tenth of 
current levels and at levels ten-times current levels. It will be 
assumed for this estimate that the Monticello Mill would be opera- 
ting as an alkaline leach plant at 350 tons ore feed per day or 
essentially as it was before shutdown. Further, the estimate will 
be based on full compliance with 10 CFR Part 20 on a permanent 
rather than a temporary basis employing known technology. 


Order of Magnitude Costs for Radiological Control 
at the Monticello Mill 


at Higher and Lower Control Values 





One-tenth Present Ten-Times 
Present Part 20 Part 20 Present Part 20 
Levels Levels Levels 
Additional Operating Costs 
Wages & Salaries $9,000 $5,000 $4,000 
Reagents 8,000 4,000 1,000 
Total $17,000/mo. $9 ,000/mo. $5,000/mo. 
($1.60/ton of ($0.90/ton of ($0.50/ton of 
ore) ore) ore) 


Additional Capital Costs 
Dust Control $300 ,000 $160,000 $160,000 


Effluent Treatment 300 , 000 120,000 100 ,000 


Total $600 ,000 $280 ,000 $260,000 
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Analytical control at one-tenth of present Part 20 levels 
for radium-226 represents a rather severe analytical problem for 
routine control of plant-effluents. These concentrations will be 
at background levels suggesting that the analyses would not normally 
be handled satisfactorily at a mill site. The desired + 10 to 20% 
accuracy at a 95% confidence level, however, can be met with special 
handling procedures. Normal analytical practice probably would not 
be more accurate than + 50%. 


Summary 


Surveys of the potential radiological hazards at the 
A.E.C.'s uranium mill in Monticello, Utah, indicated that external 
radiation levels were well below the permissible doses but that 
airborne uranium dust levels were high in certain working areas 


and that liquid effluents contained radium values above recommended 
limits. 


The airborne uranium values were reduced to the general 
range of Part 20 limits through minor construction modifications, 
establishment of special operating procedures for uranium milling 
and an intensive plant maintenance and housekeeping program. Cer- 
tain of these measures were recognized as temporary in light of the 
plans for shutting down the mill. Extended operations of the 
Monticello Mill in full compliance with applicable regulations for 
radiological hazards would require capital investment. 


A demonstration of reduction of radium concentration for 
a portion of the regular plant effluent to acceptable levels was 
accomplished, based upon developments from the A.E.C.'s Winchester 
Laboratory. There were no difficulties detected in this extended 


plant test and scale-up to full plant operation could have pro- 
ceeded. 


Estimates have been made of costs that can be allocated 
to the special problems of milling uranium at the Monticello Mill. 
Capital costs are very specifically related to this particular 
plant, however the additional operating costs probably could be 
used as a general guide for similar situations. Order of magnitude 
judgments are presented to indicate how these additional capital 
and operating costs might have varied for the Monticello Mill with 
substantial increase or decrease in the permissible dose or con- 
centration levels. 
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Finally, it is pertinent to bring out in this record that 
the Monticello Mill radiological survey and control program experi- 
ence as briefly summarized here was presented in detail to repre- 
sentatives of various A.E.C. operations and regulatory offices in 
a meeting at Monticello on October 21, 1958. Representatives of 
many of the industrial uranium milling operations have also con- 
sulted with the National Lead staff at Monticello regarding this 
radiological control program. 
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APPENDIX B 


APPLICATION OF RADIATION PROTECTION STANDARDS AT 
ATOMIC ENERGY FACILITIES OPERATED BY 
UNION CARBIDE NUCLEAR COMPANY 


Prepared by 


Union Carbide Nuclear Company 
Oak Ridge, Tennessee 


PART I. OVER-ALL ACTIVITIES 


INTRODUCTION 


This is a brief summary review of the radiation protection 
practices at the production and laboratory facilities operated 
by the Union Carbide Corporation for the Atomic Energy Commission, 
with particular reference to use of applicable standards. This 
Corporation is one of the oldest and largest of the AEC contrac- 
tors, having operated continuously since 1943, and presently em- 
ploys over 15,000 people in its contractor operations. 


In the production operations, uranium materials are en- 
riched in the uranium-235 isotope and this product is subsequently 
processed for designated uses; these activities are carried out 
in the Oak Ridge Gaseous Diffusion Plant and the Y-12 Plant at 
Oak Ridge, Tennessee, and in the Paducah Gaseous Diffusion Plant 
at Paducah, Kentucky. The Oak Ridge National Laboratory is en- 
gaged in extensive basic and applied research programs producing 
and using a wide variety of atomic materials. Practically every 
type of radiation hazard in the atomic energy industry exists to 
a greater or less extent in the Union Carbide operations, and 


the protection of employees has always been a recognized policy 
of the Corporation. 


Radiation protection at the Oak Ridge National Laboratory 
includes consideration of various research and pilot plant reactor 
operations as well as other experimental work involving radioactive 
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materials, primarily beta-gamma emitters. In addition to the 
necessity for personnel protection at the laboratory itself, 
significant efforts are also necessary for adequate disposal of f 
radioactive wastes to meet applicable criteria for protection of ! 
the general plant environs. 


In production operations, uranium enters as a purified i 
uranium oxide which, through several processing steps, is flu- ' 
orinated to UFg. This gaseous material is then passed through 
the complex of gaseous diffusion cascades wherein it is enriched 
in the U-235 isotope. This U-235-enriched uranium is then pro- 
cessed into various forms of finished materials, including oxides 
and metals, for appropriate usage. 


Routine considerations of radiation protection at these 
production plants are thus primarily concerned with the possi- 
bility of internal exposure from the alpha-emitting uranium. 
However, there is also the possibility that high levels of pene- 
trating radiation can result from an accidental critical mass 
excursion, and there are comparatively minor considerations of 
routine exposure to beta-gamma radiation from uranium daughters ' 
and from trace quantities of other radioactive isotopes encountered 
in the reprocessing of uranium from the spent fuel of various 
power and production reactors. Waste disposal and environmental 
protection, although carefully and adquately controlled, repre- 
sent comparatively minor portions of the over-all control pro- 
grams. | 


STANDARDS 


The permissible radiation exposure limits used are those 
established by the National Committee on Radiation Protection 
as given primarily in NBS Handbooks 59 for external exposure 
and 69 for internal exposure. These specify standards for in- 
ternal body deposition of radioactive materials, exposure to 
external penetrating radiation, and the environmental contamina- 
tion of air or water by radioactive materials. The Union Carbide 
plants have played a significant part in the determination of 
these permissible values, both by direct experimental and theo- 
retical work and by participation of their employees in the 
activities of the various committees. In addition, experimental 
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and theoretical work at these plants has permitted the determina- 
tion-and use of correspondingly safe limits for uranium dust 
contamination of hands, clothing, and work surfaces as well as 
providing very conservative values for relating urinary uranium 
excretion rates to possible body deposition. The Union Carbide 
plants have also been active in the design of radiation detection 
instrumentation to provide as accurate information as possible 
concerning both environmental conditions and possible personnel 
exposures. 


Although the radiation exposure monitoring techniques used 
by the various plants are basically similar, and their criteria 
for specifying actual exposures are based on applicable standards, 
their administrative methods for seeing that employee exposures 
do not exceed the maximum permissible limits are designed to best 
fit the particular administrative and technical activities of the 
individual plant. In some cases, these may involve action points 
at contcol levels below the permissible limits, and such controls 
as limitation of employees’ work activities may be involved. The 
selection of such control values and the actions specified are 
based upon considerations of convenience, economy, operational 
efficiency, or other factors. Im many cases, it has been found 
entirely feasible to control exposures or environmental levels 
to values much below the nationally recognized permissible levels; 
however,meeting these permissible levels continues to form the 
basis of the radiation control program. 


ADMINISTRATIVE AND ORGANIZATIONAL ACTIVITIES 


Safety has always been recognized as an integral and im- 
portant part of the efficient operation which has characterized 
Union Carbide operations. Hence, all of the plants have the 
basic philosophy that each member of the line organization, which 
includes all employees, has the prime responsibility for the 
prevention of injury or radiation exposure commensurate with his 
responsibility for production or other operational activities. 
Adequate supplies of radiation detection instruments are main- 
tained, and, in general, each employee who can come in contact 
with penetrating radiation or radioactive materials may be ex- 
pected to use these instruments for his own protection and that 
of the employees he supervises. ~ Training in such use is, of 
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course, provided. Appropriate radiation and contamination markers 
are made available for the purpose of identifying radiation field 
boundaries or to provide other precautionary information. 


In addition to line organizational activities, staff 
groups have been established at each of the plants to provide 
technical information and assistance; to make periodic reviews, 
including inspections and audit checks of plant and organizational 
activities for management; and to provide certain appropriate 
services, such as film meter processing and consequent evalua- 
tion of possible personnel exposures to radiation, Also included 
in the activities of these groups are thorough design and pre- 
operational anélyses and evaluations of the radiation protection 
aspects of proposed facilities and operations, periodic environ- 
mental checks of plant activities and equipment, and the evalua- 
tion of the data thus provided for the use of the line organiza- 
tion, including management. In addition, various service groups, 
such as those of engineering, laboratory, and maintenance, pro- 
vide specialized services peculiar to their own type of operations, 
As a part of their over-all health and safety programs, each 
plant also maintains adequate medical facilities and staff, with 
periodic and “special health examinations forming a part of the 
medical attention provided employees. As with conventional 
medical practices, the health aspects of radiation, including 
evaluations of clinical findings, are discussed with employees, © 
and any results of the personnel radiation monitoring programs, 
as they may involve an employee, are made available to him. 


PERSONNEL MONITORING 


All employees whose work may be expected to bring them 
into contact with external penetrating radiation are issued film 
badges which are read and evaluated on an appropriate schedule. 
In addition, "visitor" badges are available for other personnel 
who may enter these locations, and their use required. 


Employees working in locations where exposure to air- 
borne radioactive materials is possible are given periodic uri- 
nalyses both to check the adequacy of control activities and to 
evaluate the possibility that internal exposures are occurring; 
similar checks are made after any indicated exposure resulting 
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from material releases or other sources. An in-vivo body counter 
for the evaluation of internal material deposits of U-235-enriched 
uranium has also been established. 


In all usage of personnel exposure data, the resulting 
actions are based upon comparisons to recognized permissible 
limits or plant control limits, with major attention given to 
seeing that exposures or environmental conditions do not exceed 
nationally recognized limits. 


ENVIRONMENTAL MONITORING 


The air in locations subject to significant contamina- 
tion by uranium or other radioactive materials is routinely and 
continuously monitored on a shift-length basis. In addition, 
short-term samples are taken for specific jobs as a part of 
routine audit and inspection activities in various plant loca- 
tions. 


Measurements of alpha activity upon floors and various 
work surfaces are made to evaluate any changes in radiation prob- 
lems in various locations concerned and to determine the effective- 
ness of control measures. Similarly, audit inspections may in- 
clude checks not only of conditions and locations where pene- 
trating radiation and radioactive contamination can be expected, 
but also of employees’ hands, clothing, tools, etc., as well as 
office facilities and similar locations where radiation or con- 
tamination by radioactive materials is normally not anticipated. 


A continuing check is also maintained by the production 
plants upon the small quantities of uranium or other radioactive 
materials released to the environs. At ORNL as at other reactor 
locations, disposal of the high-radiation-level wastes at levels 
not exceeding the permissible values requires major control acti- 
vities. This includes routine control of both Liquid and gaseous 
wastes, adequate measurements thereof, and due considerations 
for possible emergency control. 


EDUCATION 


The training programs at all of the plants have been 
designed to acquaint employees, as necessary and appropriate, 
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with the facts concerning radiation hazards, applicable limits, 
and proper protective methods, especially as their own jobs are 
concerned. In addition, the various plant organizations have 
prepared both technical and administrative information concerned 
with radiation protection for the information and use of plant 
personnel. 


EXPERIENCE - 1959 


1. There were no indicated exposures above 12 rem for the year 
and no additional exposure was received by any of the six 
employees whose exposures above permissible limits as a 
result of incidents during preceding years has necessitated 
annual “averaging" to meet the 5 rad/year average lifetime 
(since age 18) exposure. 


2. The best available monitoring techniques indicated that no 
employees had the possibility of internal body deposits of 
the order of the respective maximum permissible limits for 
the radionuclides of concern. 


3. Only ORNL had considerations of radioactive materials re- 
lease to the environment at levels which were significantly 
above background; this resulted in a maximum average activity 
in local streams of only some 25% of the applicable maximum 
permissible limits for drinking water. In addition, the 
highest average air activity measured in the neighborhood 
of the plant was only some 2% of the permissible levels. 
Corresponding releases by the other Union Carbide plants had 
negligible effects upm the environment. 


COSTS OF RADIATION PROTECTION 


1. Routine Operations 


Annual routine operating costs of radiation protection at the 
four Union Carbide plants amount to some $1,610,000, which is 
about $106 per plant employee and some 0.5% of the total operat- 
ing costs of these facilities. Such cost figures include only 


ee 


mo ea BET 


| 
: 








RADIATION PROTECTION CRITERIA AND STANDARDS 659 


the labor and support expenses of those personnel whose prin- 
cipal responsibility is specifically connected with the 
radiation protection programs of the various plants. Various. 
items of capital costs, research expenditures, and incidental 
or "fringe benefit" types of costs are excluded from these 
figures although it is recognized that these latter items 
alone may very easily result in total expenses above the 
figures quoted. 


Estimates of Additional Costs Resulting From Changes | in the 
Maximum Permissible Limits. 


An ability to maintain exposures at the current maximum per- 
missible limits, which are essentially those which have been 
in effect for some 10-15 years although there have been minor 
changes, has been built into plant equipment and operations. 
The success of these efforts in limiting exposures to these 
permissible values is indicated by the small number of ex- 
posures and potential exposures above the respective per- 
missible limits which have been determined, 


In many instances, this built-in protection has re- 
sulted in significant capital expenses which would not have 
been necessary had the permissible limits not been as low 
as was the case at the time of construction. Hence, were 
it established that the limits could be safely raised by 
a significant factor, the principal resultant saving would 
be that of routine operating expense, and this would be 
comparatively small. However, significant savings could be 
realized in the design and operation of a new facility 
where these hypothetical higher limits were in effect. 

These savings would appear both in smaller direct capital 
costs of construction and in the lower costs associated with 
the design, development, and installation of the highly 
specialized devices which have been found necessary to limit 
personnel exposure to penetrating radiation or to control the 
release of radioactive materials in the plant environment. 

In many cases, these requirements have resulted in specially- 
constructed and correspondingly expensive items of equipment 
to perform routine operations, such as valving. No attempt 
has been made to evaluate these potential savings. 


On the other hand, a reduction in the permissible 
limits by a factor of 10 would result in significant expenses 
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and almost prohibitive difficulties in operation. In many 
cases, attempts to meet such limits would probably nec2ssitate 
rather complete redesign of equipment. For example, there are 
some operations wherein measurements show that the release of 
uranium materials to the air can be adequately controlled at 
current maximum permissible limits during maintenance opera- 
tions involving opening the system to the general building 
environment. However, were the air contamination limits to 

be reduced by a factor of 10, such maintenance would probably 
require dry-box-type controls. Similarly, there are main- 
tenance-type operations in the laboratory wherein it has been 
found feasible to use time-of-work limitations of personnel 
exposure; a reduction of permissible limits Would probably 
mean that an expensive remote-control type of maintenance 
would be necessary. In some instances, operating changes of 
the types mentioned would be impossible in present equipment 
locations so that entirely new facilities may be required. 


The effect of such a change in permissible limits upon 
personnel activities is obviously difficult to evaluate. It 
could, for example, mean the regular use of protective devices, 
such as respiratory protection units during essentially all 
of a work period; it could also result in the need for special 
decontamination techniques. In fact, the high additional 
capital costs associated with such changes in the limits, 
as well as the operational difficulties envisaged, may make 
plans for more extensive automation of operations an attractive 
alternative to present methods; this could result in a decrease 
in manpower requirements and a consequent reduction in certain 
types of operating expense. 


Due to the fact that many of these limits would be near 
background or the limit of current instrument sensitivity, 
considerably greater care in monitoring techniques, instru- 
ment maintenance, and analytical methods could result if 
obtaining the necessary data proves feasible. Certainly, 
the precision of determination of the factors concerned 
would be considerably lessened. 


An order-of-magnitude estimate of some of the costs 
which might be involved in a reduction of permissible limits 
by a factor of 10 is indicated below for the capital ex- 
pense of certain limited operations in the various Union 
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Carbide facilities; it should be emphasized that these figures 
do not refer to the total costs to the plants of such a change 
but only to capital costs of a few operations which are rela- 
tively isolated and which use standardized techniques so that 
an evaluation of this type is relatively feasible. 


UF, Manufacture - $2,000,000 

Liquid Waste Disposal - $1,500,000 

Enriched Uranium Recovery - $3,000,000 
CONCLUS LONS 


Based upon experience in the plants operated by Union 
Carbide Corporation, including the results of monitoring and 
clinical data, it may be concluded that: 


1. The maximum permissible limits of the National Committee 
on Radiation Protection as stated in NBS Handbooks 59, 
63, and 69 have proven effective guide lines in maintaining 
personnel exposures during routine operations below levels 
at which any indications of injury or potential injury have 
been observed. The only indications of potential injury 
have been the results of accidents when such limits have 
been grossly exceeded. 


2. Plant equipment and facilities as currently designed and 
operated provide adequate means for meeting the permissible 
limits as noted. 


3. A reduction in the current permissible limit values would 
result, in many cases; in both high capital costs, high 
routine operating expense, and comparatively inefficient 
operating procedures. 


4. A significant increase in the current values of the per- 
missible limits could result in much of the production plant 
areas, particularly those where normal uranium is handled, 
operating as any facility where radiation is not a problem; 
health controls would be based upon the chemical toxicity 
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of the uranium even more strongly than is now the case. How 
ever, although some savings in operating expense could accrue 
from an increase in these limits, major savings would result 
only with new installations since the capital expenditure 
which was necessary for meeting the current limits has al- 
ready been made. 


All of the plants have been peculiarly successful in evalua- 
ting and establishing adequate control methods for these 
special hazards, especially for those presenting the greatest 
potential hazard to personnel. 


Where technical data concerning problems peculiar to the 
operating plants were lacking.to the extent that conservative 
and restrictive control measures were considered necessary 
in the absence of such information, the plants themselves 
have obtained the necessary experimental or theoretical 

data and have established adequate control levels for these 
considerations. 
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PART II. - OAK RIDGE GASEOUS DIFFUSION PLANT 


GENERAL INFORMATION 


The principal production activity of the Oak Ridge Gaseous 
Diffusion Plant is the separation of uranium-235 from normal 
uranium. The over-all plant operations currently include five 
major separation units for producing uranium enriched in the U-235 
isotope, a feed production facility, barrier manufacturing facili- 
ties, a steam-powered electrical generating station, and many 
service and auxiliary functions, including facilities for re- 
covering uranium. The plant area comprises 616 acres and includes 
253 buildings. Of this latter number, approximately 90% are of 
permanent construction while the remainder are frame buildings 
of war-time construction; sprinkler protection is provided for 
most of these facilities. Current plant employment is about 
4000. 


The uranium enters plant operations as a purified oxide 
(U03) which is processed through several steps culminating in 
its fluorination to uranium hexafluoride (UFg). The material is 
then passed through the gaseous diffusion cascade wherein it is 
enriched in the U-235 isotope and sent from the plant for further 
appropriate finishing or usage. Materials at intermediate en- 
richments are also withdrawn for special projects as requested. 


The major possibility of high levels of penetrating radia- 
tion at the ORGDP, and the only possibility of neutron radiatiam, 
would result from an accidental critical mass excursion, al- 
though there have been no such incidents in plant history. On 
a routine basis, the principal radiation protection consideration 
is that concerned with the possibility of inhalation or ingestion 
giving internal exposure from the alpha-emitting uranium. In 
addition, there are also comparatively minor considerations of 
routine exposure to beta-gamma penetrating radiation from uranium 
daughters and from trace quantities of other radioactive iso- 
topes encountered in the reprocessing of uranium from the spent 
fuel of various power, production, and research reactors. Small 
quantities of other radioactive materials are, on occasion, used 
in the laboratories for research and development purposes or as 
radiation sources. 
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STANDARDS USED 


General Review 


The permissible limits of NBS Handbook 59, including 
amendments through April 15, 1958, and NBS Handbook 69 
form the basis for standards in use at the Oak Ridge Gaseous 
Diffusion Plant; personnel are considered over-exposed if 
the appropriate limits are exceeded. In general, these 
provide criteria for exposure to penetrating radiation 
(Handbook 59) and the possibility of internal exposure 
(Handbook 69) as expressed in terms of concentrations of 
the respective radionuclides in air and water and per- 
missible "body burdens" or body deposits. 


Since there is no direct method for determining body 
deposits of material, the indirect method of urinalysis 
is used for this purpose. For determining air contamina- 
tion, both direct measurements of uranium concentrations 
in the air and indirect determinations through measurements 
of surface levels are used to evaluate the possibility of 
employees being exposed through inhalation. 


Plant wastes released into streams are monitored to 
insure that the concentration of these materials in the 
streams leaving the plant boundaries do not exceed the per- 


missible limits for drinking water of the general popula- 
tion. 


In addition to the use of permissible limits to eva- 
luate personnel exposure or the. possibility thereof, control 
points at values below these permissible levels are also 
used to maintain environmental conditions at low levels 
for reasons other than direct health protection or to in- 
sure that permissible limits will not be exceeded. Uranium, 
both normal and that enriched in the U-235 isotope, is 
the principal radionuclide of concern, and prevention of 
internal exposure is the principal problem of radiation 
protection at the ORGDP. The limits and control points 
as listed below for internal exposure considerations are 
primarily associated with this material. However, similar 
limits are used for other radionuclides which, as noted 
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above, may appear as trace quantities in certain operating 
locations of the ORGDP. In some instances, the practical 
units are given in the following tabulations. 

2. External Radiation 


a. Maximum Permissible Limits 


1) Gamma 





i 


3 rem/quarter, 12 rem/year, and 5 rem/year average 
since age 18. 


2) Beta 


6 rem/quarter, 24 rem/year, and 10 rem/year average 
since age 18. 


gE 3) Mixed beta and gamma 


In a practical extension of the above values, the 
total rem dose for mixed beta and gamma exposure 

is considered as being the sum of the gamma dose 
and half of the total beta dose, and the gamma limits 
given above are used for this dose-equivalent. It 
is recognized that beta and gamma exposures are not 
necessarily directly additive, but use of this 
practical unit results in somewhat conservative 
values as compared with individual gamma or beta 
measurements; for example, it will indicate both 
over-exposures due to beta or gamma alone and also 
those due to a combined exposure in which neither 

2 the beta nor the gamma exposure is above the maxi- 
. mum permissible limit. Some saving in bookkeeping 
expense also results. 


5 PE 


b. Additional Control Values 


Exposures of 1 rem/month dose-equivalent as described 
above. 
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Actions Taken at Permissible Limits and Control Values 


1) 1 rem in a month (control level) - Employee activities 


and work environment reviewed by staff and super- 
visory groups and appropriate action taken; this 
can include some limitation of employee's future 
exposure, the use of additional shielding, or other 
specific design or operational measure. 


2) 3 rems in a quarter - In addition to action described 


in 2.c.1), the employee's past radiation history is 
also reviewed and appropriate action taken. This 
may include rotating an employee into other equiva- 
lent work where his exposure is negligible. 


3) 12 rems in a‘year - In addition to action described 
in 2.c.2), the employee will be rotated to similar 
work, but where additional exposure is impossible, 
to see that he does not have an average exposure 
greater than 5 rems/year since age 18. 


a Internal Exposure 


a. 


Air Contamination 


Maximum permissible concentrations as specified by the 
NCRP for 40-hour/week exposures to the materials of 
concern. For uranium, the material of principal con- 
cern at the ORGDP, a convenient valu¢ of 1 c./min./ft. 
which is equivalent to about 5 x 1074) yc./ml. or 100 
dis. /min./m.” is used. (Note: This value is actually 
based upon chemical toxicity of normal uranium with 
permissible limits for uranium enriched in the U-235 
isotope being much higher. This single value is used 
for convenience, however, as a control point.) 


Internal Body Deposits 


The maximum permissible concentrations as specified by 
the NCRP in NBS Handbook 69. Indirect methods of 
indicating such deposits are necessary and these are 
expressed as control or action levels, the values given 
referring to uranium. | 
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c. Additional Control Values 


1) 


2) 


Internal Deposits 


Urinary excretion levels as given below are con- 
sidered as indicating the possibility of significant 
internal body deposition of uranium, but not neces- 
sarily near the maximum permissible levels of the 
NCRP on a long-term basis. 


a) 


b) 


c) 


70 dis./min./24-hour sample (3 x 107° pe./ 
24-hour sample). Measurement made at least 1 
week after any possibility of potential ex- 
posure of the employee is eliminated. (Average 
over 6-month period.) 


350 dis./min./24-hour sample (16 x 107? ye./ 
24-hour sample). Measurement made at least 

24 hours after potential exposure of the em- 
ployee is eliminated. (Average over 6-month 
period.) 


Three consecutive weekly readings of at least 
0.01 mg. uranium/liter or 2.6 dis./min./100 ml 
(1.2 x 10-8 uc./ml.) plus an additional similar 
reading for a sample taken after an employee 
has had no potential exposure to uranium for 
at least 48 hours. It is recognized that an 
employee meeting this criterion can have es- 
sentially no body deposition, certainly over 
the long term, and this conclusion is borne 
out by experience. This practice results in 
substantial economies in analytical and book- 
keeping expenses which would otherwise be 
necessary to maintain average exposures near 
a permissible limit. 


Surface Contamination by Uranium 


There are three control levels which represent 
respective average transferable levels of 0.3 

dis, /min./cm.?, 3 dis./min./cm.2, or 30 dis./min./ 
cm. 


(1.4 x 1075 yc. /em.2). Experiments have 
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3) 





shown that at the last-listed level, the maximum 
air contamination considered possible is of order 

of 10% of the maximum permissible level for air 
contamination. Where surface levels are maintained 
at this level, the resulting exposure is considered 
as having essentially no effect upon the permissible 
level of other, and major, sources of exposure. 


Clothing Contamination | 
40 c./min./om.” or 650 dis. /min./em.? (33 x 1075 
pe./em.*). Clothing contaminated to this level by 


uranium dusts as found at the ORGDP can result in 
possible contamination of the air breathed by an 
individual at some 10% of the permissible level 
for air activity. 


Actions Specified at Permissible Limits and Control 
Levels 


1) 


2) 


3) 


Air (See Part 3.a.) - Engineering and personnel pro- | 
tection actions taken as necessary if the value 

given is exceeded as averaged over periods of at 

least 8 hours. 


Urinalyses 


a) 6-month averages of 70 dis./min./24-hour sample 
and .350 dis./min./24-hour samples [See Parts 
3.cel)a) and b))}- Employees are rotated to 
other work where exposure to uranium is impossible 
until urinalyses show no possibility of long- 
term average exposures above the NCRP levels. 


b) Control value of 0.01 mg./liter {See Part 3.c¢.1) 
c)] - Employees are removed from potential ex- 
posure to uranium until urinalyses show no 
activity. 


Surface Contamination 


Appropriate action which may include removal of ma- 
terial, shielding, or other controls is taken. Em- 
ployees may be required to use respiratory protection 
on a short-term basis. 
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4) Clothing Contamination 


Clothing is changed and cleaned below the action 
point before reuse. 


4. Waste Disposal 


For release to waterways, the uranium concentration or activity 
will be no greater than the MPC given in NBS Handbook 69 for 
continuous exposure to the general population at the point 

the stream leaves plant boundaries. Similarly, the air con- 
tamination at the plant boundary will be no greater than 


that permissible for the general population as given in 
Handbook 69. 


OPERATING METHODS 


ie Personnel Responsibility 


a. General 


At the ORGDP, radiation protection is appropriately 
treated as only one phase of. the over-all plant acci- 
dent prevention program which includes due precautions 
for safety inoperations involving processes and materials 
which can also present significant hazards on a routine 
basis. 


b. Line Organization 


Responsbility for the protection of employees rests 
with members of the line organization to the same ex- 
tent that they are responsible for operation and produc- 
tion. As a part of their responsibilities,they monitor 
their work areas, provide employees with necessary pro- 
tective equipment and enforce its use, assist in evalua- 
ting and handling the personnel aspects of any cases of 
potential exposure, and maintain a high standard of 
housekeeping, this including such cleaning as necessary 
to remove radioactive materials. Each employee follows 
rules and regulations pertaining to the health hazards 
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established for his location and job assignment, moni- 
tors his person and work area as required, and notifies 
his immediate supervisor of any known exposure to 
radioactive materials or of conditions exceeding the 
maximum allowable radiation or contamination values 
which have not been properly controlled, 


Staff Groups 


In addition to the line organization, staff groups have 
been organized with the prime responsibilities of pro- 
viding information as necessary, auditing line organiza- 
tional activities, determining the effectiveness of 
control measures employed, and providing such necessary 
routine services as film badge monitoring in the radia- 
tion control and reporting programs. Since radiation 
protection at the Oak Ridge Gaseous Diffusion Plant is 
appropriately considered as only one phase of the over- 
all radiation protection program, it has been both ef- 
ficient and practicable to include the basic staff 
radiation protection responsibility in a group which 
also has similar responsibilities for other parts of 
the plant safety program. In addition, certain acti- 
vities closely related to radiation protection are 
provided by such service groups as those in the analy- 
tical laboratory, engineering, and maintenance organi- 
zations. The section of this review headed ESTIMATED 
COSTS OF RADIATION PROTECTION lists the numbers of plant 
personnel involved in these major radiation protection 
activities. This listing actually reflects in each 
case an equivalent categorization of the personnel in 

a larger group, the members of which also have addi- 
tional responsibilities. 





External Radiation 


All employees whose work may be expected to bring them 
into contact with external penetrating radiation are 
issued film badges which are read and evaluated on an 
appropriate schedule, currently monthly. In addition, 
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"visitor" badges are available for other personnel who 
may enter these locations, and their use required; 
these are redd at the termination of the visit. In 
general, regular badges are issued where any potential 
exposure for a period of as long as a month is anti- 
cipated. 


Internal Exposures 


Employees working in locations where exposure to air- 
borne radioactive materials is possible are given 
periodic urinalyses both to check the adequacy of con- 
trol activities and to evaluate the possibility that 
internal exposures are occurring; similar checks are 
made after any indicated exposure resulting from ma- 
terial releases or other sources. 


Environmental Checks 


The air in locations subject to possible contamination 
by uranium or other radioactive materials is routinely 
and continuously monitored on a shift-length basis. In 
addition, short-term samples are made for specific jobs 
and as a part of routine audit and inspection activities 
in various plant locations. Measurements of alpha- 
activity upon floors and various work surfaces are made 
to evaluate any changes in radiation problems in the 
various locations concerned and to determine the ef- 
fectiveness of control measures. Similarly, audit 
inspections may include checks of employee hands, 
clothing, tools, etc., as well as office facilities 

and similar locations. A continuing’ check is also main- 
tained by the production plants upon the small quanti- 
ties of uranium or other radioactive materials released 
to the plant streams and atmosphere. 


3. Radiation Protection Activities 


a. 


Engineering Design 


Since many types of radiation protection requirements 
can be efficiently incorporated into equipment and 
facilities only during construction, the ORGDP specifically 
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considers the shielding, ventilation, and other controls 
necessary to meet applicable permissible limits as a 
basic part of design activities. 


It is recognized that a clean working environment 
and confinement of material are prime requisites for 
preventing possible exposure to such alpha-emitting 
material as uranium, the primary radionuclide of con- 
cern at the ORGDP. Thus, it is plant policy to so de- 
sign equipment and specify its operation that contami- 
nating materials will be as well confined as practicable, 
and specifically so that the maximum permissible concen- 
trations in the environment will not be exceeded. Simi- 
larly, where beta-gamma penetrating radiation is a 
consideration, the necessary shielding is incorporated 
in the design. In all cases, maintenance requirements 
are also considered in the design. 


Personnel Protection 


Where it is not practicable to maintain air-borne or 
surface contamination below the points at which they 
may represent appreciable sources of exposure, items 
of protective equipment are furnished the employee as 
needed and he is required to use them. The most import- 
ant of these personnel protection items are gas masks 
and respirators which are made available where contami- 
nation of the air is considered to present a potential 
problem; the use of these items is required as condi- 
tions warrant. In some cases where respiratory pro- 
tection is necessary, the use of some items of company 
clothing may also be required. 


Personal Hygiene 


Adequate facilities for good personal hygiene are fur- 
nished, and instruments are provided to enable the 
employee to determine if his hands and clothing are 
above the permissible Limits. 


Use of Radiation Detection Instruments 





It is plant policy to identify contaminated articles 
or areas and to separate such articles and areas. 
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Adequate radiation detection instruments are made avail- 
able to the line organization to aid them in identifying 
contaminated articles and areas and to provide them 
with a means for measuring the extent of the environ- 
mental contamination. 


Audit Program 


Members of the staff groups periodically review actual 
plant practices and activities, evaluate them from 

the viewpoint of radiation protection, and provide re- 
ports for appropriate levels of management concerning 
their findings and the effectiveness of the controls 
used. Such evaluations, of course, include comparisons 
of the measurements made to the maximum permissible 
limits or to applicable control values. 


Education 


Technical and administrative information concerning the 
radiation protection aspects of the specific plant 
activities has been prepared and presented to plant 
personnel in accord with their requirements as necessary 
and appropriate. This has been supplemented by periodic 
training programs designed to insure that employees 

were aware of the radiation protection requirements of their 
specific jobs, including such items as protective equip- 
ment, applicable limits, and detection methods. 


EXPERIENCE - 1959 


as External Personnel Exposure (See section on STANDARDS USED, 
Part 2) 


a. 


Greater than the maximum permissible limits of 3 rem/ 
quarter, 12 rem/total, or 5 rem/year average - none. 


Greater than the control value of 1 rem/month - 5. 
Action taken - Potential exposures of employees con- 
cerned were temporarily Limited. 
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Internal Personnel Exposure Possibilities 


Air Contamination 


1) 


2) 


Average air activity greater than the maximum per- 
missible limit for 8 hours - 1471 samples. (These 
comprise 12% of the total shift-length samples ob- 
tained, these being taken in the areas having the 
principal possibilities of air contamination. 
Periodic short-term samples taken in other plant 
locations continue to indicate that potential ex- 
posures in locations other than those continuously 


sampled have negligible possibilities of any air 
activity.) 


Action Taken - Engineering design to confine ma- 
terial; short-term usage of respiratory protection 
by personnel as necessary. (Practically all of 
these samples resulted from "averaging" into the 
shift-length samples those short periods of com- 
paratively high level activity originating from 
systems opened for maintenance; respiratory pro- 
tection is used during these short periods.) 


Urinalysis and Clinical Data 


1) 


2) 


3) 


At no time has there been any clinical evidence of 
personnel injury as a result of exposure to radio- 
active materials. ’ 


6-month urinalysis results greater than 70 and 350 
dis./min./24-hour sample[ See STANDARDS USED, Parts 
3.cel)-a) add -b)] - None. 


Urinalysis control levels of 0.01 mg./liter [ See 
STANDARDS USED, Part 3.c.,l)-c)] - 73. (Total 
samples - 5879.) Action taken - Employees were 
removed from exposure or potential exposure to 
uranium materials for an average period of 20 
days. 


Surface Contamination 


1) Only 1.2% of the total interior work surface areas 
had pverage contamination as high as 0.3 dis. /min./ 
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2) Only 5 locations, all of limited extent, had avergge 
surface activities of as much as 30 dis./min./cm. 
for periods of as short as 3 months. 


3) Action Taken = Routine cleanup, engineering and 
maintenance actions to limit release of material, 
and personnel protection, including desirable but 
limited use of respiratory protection as necessary. 


d. Clothing Contamination 


Surface activities above control point - None, 


Waste Disposal 


Water release at the plant boundaries above the long-term 
maximum permissible concentrations for as short times as 
the weekly sampling period - None. Average release level 
for the year was some 0.01% of the maximum permissible con- 
centration for discharge of natural uranium. 


ESTIMATED COSTS OF RADIATION PROTECTION 


l. 


Basic Costs 
Staff Groups - 9 Personnel - $90,000/year 
Laboratory Analysis - 4 Personnel - 40,000/year 
Instrument Engineering and - 4 Personnel - 40,000/year 
Maintenance 
Instruments - 20,000/year 
Total: $190 ,000/year 


The $190,000 basic operating cost of the ORGDP radiation pro 
tection program represents an expenditure of approximately 
$45 per plant employee/year or 0.2% of the plant operating 
expense. The figures given in Pare 1 include support costs 
of the respective staff and service functions noted, the 
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limited experimental and development work carried on at the 
ORGDP, and the operating costs of the plant film badge 
program. 


The figures of Part 1 do not include the increased capital 
costs of equipment and facilities resulting from radiation 
protection considerations. They also do not include costs 
such as those involved in the provision and use of pro- 
tective equipment, emergency preparations, engineering de-. 
sign, the removal of radioactive contamination from various 
surfaces, or the radiation monitoring done by operations 
employees as a relatively small part of their normal jobs. 
The costs of various "fringe benefit" items, such as em- 
ployee wash-up time, work clothing, or clothing change time, 
which are ostensibly based on radiation protection but in 
reality have only minimal effects upon such protection are 
also omitted; these costs alone may easily be greater than 
those noted in Part 1 as the general direct program ex- 
pense. 


EFFECT OF CHANGING PERMISSIBLE LIMITS 


1. 


General 


The success of the ORGDP in meeting current permissible 
radiation limits testifies, of course, to the effectiveness 
of the equipment and facility design which included specific 
considerations of radiation protection as necessary and the 
efficiency of operations wherein care to avoid exposure is 
a normal part of each employee's work. 


Since a significant part of the cost of radiation pro- 
tection for meeting the current limits has involved both 
capital expenditures and investments in equipment, the 
savings which would result from an upward revision in the 
limits by a factor of approximately 10 would probably be 
small since the potential savings would be primarily in 
those of plant operating costs only. The principal changes 
would involve the fact that little consideration would be 
required for control of the uranium materials enriched in 
the U-235 isotope, other than those row used with normal 
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uranium wherein its chemical toxicity is actually the con- 
trolling factor. There would probably be somewhat less 
rotation of manpower in those jobs involving penetrating 
radiation than is flow the case. However, although the 
savings with current installations would probably be minor, 
there could be some significant savings in the initial 
design, installation,and operation of certain similar 
operating units such as the UFg manufacturing facility. 

No attempt will be made to indicate the amount of such 
savings. 


On the other hand, a reduction in the limits by a 
factor of 10 could immediately result in significant operat- 
ing hardships as well as increased operating expense and 
capital costs. In fact, it is highly probable that such a 
reduction would result in the necessity for certain jobs 
being performed by a different and much more operationally 
restrictive method. For example, whereas it is now prac- 
ticable to remove certain components of the feed manu- 
facturing facility for maintenance with use of respiratory 
protection for a short period of time, similar removal 
under possibly more restrictive limits could very well 
result in the necessity for a dry-box type of removal and 
handling. This, in turn, could result in the necessity for 
a completely new installation since the available space in 
the current facility is probably insufficient to permit an 
effective dry-box operation. Similarly, change-out of 
equipment in the operating cascades for maintenance or 
other purpose might require special facilities and equip- 
ment for removal and disassembly both in operating loca- 
tions and in the cleaning facility. 


From the viewpoint of personnel operations, such a 
revised limit would probably necessitate some plant em- 
ployees being required to use respiratory protection and 
other protective devices for essentially the entire work 
period. Currently, such protection is furnished for very 
limited periods such as those occurring when equipment is 
first opened for maintenance. It is rather infeasible to 
attempt an analysis of the effects of a reduction in per- 
missible limits upon plant operations as a whole and it is 


‘ particularly also almost impossible to evaluate the results 
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of such changes in terms of such relative intangibles as 

the necessity for employees to be burdened with rather 
restrictive items of equipment in routine operations. How- 
ever, preliminary estimates of the capital costs which might 
be necessary for two fairly well defined and localized opera- 
tions to meet reduced limits are indicated below. These 
units represent only some 1.5% of the plant capital invest- 
ment. It should be particularly recognized that these figures 
are tentative only, that they at best comprise only compara- 
tively localized specific operations, and that no considera- 
tion is given to maintenance requirements other than the 
removal of equipment from these facilities. It is re-em- 
phasized that no figures are determinable for the ORGDP 

as a whole. 


Specific Estimated Costs (Capital Costs Only) 


Modifications to UF,¢ Feed Manufacturing 
Facilities - $2,000,000 


This will include additional shielding, 
ventilation, filtering and gas scrubbing, 
building addition and alterations, and re- 
design of equipment for servicing and main- 
tenance. 


Modifications to Equipment Cleaning and 
Uranium Recovery Facilities - $1,500,000 


This will include dry-box arrange- 
ments for equipment disassembly, remote 
control of cleaning solutions, additional 
shielding, ventilation, filtering and 
gas scrubbing, and design changes to 
provide removable complete assemblies 
of certain units. 
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PART IIIT. PADUCAH GASEOUS DIFFUSION PLANT 


PLANT OPERATIONS 


The Paducah Plant is a government-owned gaseous diffusion 
plant operated by Union Carbide Nuclear Company for the Atomic 
Energy Commission. The diffusion plant, with the associated 
uranium hexafluoride manufacturing plant and uranium metal foundry, 
processes large quantities of relatively pure uranium compounds. 
The major sources of external penetrating radiation from such 
materials are the daughter products, isotopes of thorium and 
protactinium, formed by the alpha decay of the parent uranium, 
and which are concentrated in the ash produced during the flu- 
orination process. The element uranium can be hazardous only 
if allowed to enter the body. The chemical toxicity of the uran- 
ium materials processed at the Paducah Plant over-shadows any 
radiation danger from this element, thus making it comparable 
as an industrial risk to lead, mercury, or other well known 
heavy metals, 


RADIATION STANDARDS OBSERVED 
a; Basic Standards 


The radiation standards recognized at the Paducah Plant 
are those documented in NBS Handbooks 59 and 69, including 
the addendum to the former. 


Thus, for external penetrating radiation the basic 
standards observed are the 13-week limits of 3 rems of gamma 
radiation to the body and 6 rems of beta radiation to the 
skin. The added restriction is imposed for gamma radiation 
that no employee shall exceed an accumulated dose greater 
than (N-18) x 5 rems where N is his age in years, with a 
comparable restriction for cumulative exposure to the skin 
from radiation of low penetrating power (beta) being (N-18) 
x 10 rems. 


For internal deposits of uranium, the limiting quantity 
is considered to be the 0.005 microcuries listed in NBS 
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Handbook 69 as the maximum permissible body burden when the 
kidney is considered as the critical organ. The maximum 
permissible concentration observed for uranium in air for 
plant work areas is 6 x 10711 microcuries per cubic centi- 
meter of air. 


Action or Control Limits 


It has been the plant policy to observe action points 
at some fraction of nationally recognized standards to in- 
sure against any employee exceeding the established limits. 
Thus, for penetrating radiation any employee whose total 
exposure reaches either 2.4 rem of gamma radiation or 4.8 
rem of beta radiation within a 13-week period is rotated 
to a job having no radiation exposure until such time as 
the exposure quarter has ended. Such job rotation has been 
extended routinely to all employees in various groups so 
that the probability of any employee exceeding even the 
action levels has been greatly reduced. 


While it may be calculated from the maximum permissible 
body burden for uranium, and the various factors for the 
distribution of and excretion from this body burden, that 
an excretion rate of approximately 50 micrograms per day 
may be considered indicative of a significant internal body 
deposition of normal uranium, the plant action point is set 
at 12 micrograms per day. When a series of urinalyses 
indicate an employee is excreting more than 12 micrograms 
of uranium per day, he is removed from further uranium 
exposure until such time as his excretion rate is below 
this level. 


OPERATING METHODS 


1. 


Plant Personnel 


The basic philosophy of the Paducah Plant is that each 
member of the line organization has a responsibility for 
the safety and health of employees commensurate with his 
responsibility for the operation of the plant. The operating 
groups have radiation detection instruments and have been 
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trained in the use of such equipment. They have the res- 
ponsibility for the maintenance of ventilating equipment, 
both general area and local exhaust, as well as that of 
keeping operating equipment in such condition that the 

need for such ventilation will be minimal. The respon- 
sibilities of using the proper protective equipment, of 
maintaining a clean work area, and of rotating personnel to 
different jobs or work areas as needed to comply with plant 
radiation and uranium action points are all that of line 
supervision. 


The Medical and the Health Physics and Hygiene Depart- 
ments are maintained as staff groups, equipped to provide 
technical information and assistance as required. The 
functions served include making inspections of all areas 
and all operations, maintaining a film meter service, co- 
ordinating a bio-assay program, monitoring of workroom 
air for many chemicals used as well as for uranium,making 
audit surveys of the radiation levels for various jobs or 
work areas, conducting an environmental monitoring program 
to assure that no damage may result to adjacent communities 
or individuals and to provide protection in the case of un- 
warranted litigation, providing a periodic and special 
health examination schedule, and assisting in the training 
of all employees. 


A total of seven employees work in the Health Physics 
and Hygiene Department, comprising approximately 0.4% of 
the plant work force. In addition, there are 16 employees 
in the plant Medical Department. 


In addition to the above groups there are various service 
groups which provide specialized engineering, chemical and 
radiochemical laboratory, and maintenance functions. None 
of these people work exclusively in radiation protection, 
but many spend a very significant portion of their time 
in such endeavor. There are three to four analyst days 
spent each day on laboratory analyses directly involved in 
radiation protection. 
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Plant Design 


The basic method employed to control exposure to uranium 
is the confinement of the material being processed. All dif- 
fusion plant equipment is designed so the UF ¢ is pumped through 
the miles of piping, and other essential associated diffusion 
plant equipment, with the probability of the exposure of any 
employee being reduced to insignificance. However, the sys- 
tem must occasionally be opened for maintenance, and the 
product and tails material must be withdrawn into appropriate 
containers. At such times, the necessary precautionary 
measures are followed to minimize the possibility of some 
small amount of the material becoming airborne, Essentially 
the same rules apply in the uranium hexafluoride manufacturing 
portion of the plant. Where greater use is made of local 
ventilation exhausting through filters designed to prevent 
the escape of the uranium. 


Routine inspections are made of all equipment to detect 
any conditions which require remedial action. Such inspec- 
tions are performed daily by line supervision and their em- 
ployees, and on a less frequent basis by members of the 
Health Physics and Hygiene Department. 


Assessment of Exposure 


A routine film badge program is maintained such that 
each employee having a significant probability of exposure 
to penetrating radiation wears a film meter which is col- 
lected, developed, read and evaluated on a monthly cycle. 
Currently, approximately one-third of the plant population 
is included in this program. 


Employees whose work involves any possibility of ex- 
posure to uranium are scheduled for urinalysis at a frequency 
which is determined by their job exposure probability. The 
frequency of such schedule may vary from a weekly one for 
an employee whose recent urinalyses have indicated an ex- 
cretion rate approaching the plant control limit to an an- 
nual one for an individual who works in an area where no 
uranium should be encountered. 
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Continuous air samplers operate in all areas where an 
audit of the airborne uranium has indicated a need for such. 
The samplers collect onto a filter paper the particulate 
matter from air which is sampled over an 8-hour work shift. 
The filter paper is then alpha counted in a Laboratory type 
instrument to determine the airborne uranium concentration. 
New equipment or jobs, or any changes in operating procedures 
on existing jobs, are checked by an inspection which includes 
an evaluation of air samples collected in the breathing zone 
of employees and in the general work location. 


Airborne beta-gamma active decay products of uranium 
are controlled by maintaining the alpha activity of uranium 
within acceptable limits, but such air samples are less fre- 
quently counted for beta-gamma activity as an added precau- 
tion. Checks are also made of such trace impurities as 
fission products and transuranic elements to evaluate and 


eliminate any possible hazard from an unexpected accumula- 
tion of such materials. 


PLANT EXPERIENCE 


The effectiveness of any program may be assessed by the re- 
sults produced. During the year of 1959 there were 7 plant em- 
ployees who were temporarily rotated to jobs involving no radia- 
tion exposure, but none of these exceeded the recognized quarterly 
limits. In the same year a total of 66 employees were temporarily 
rotated to jobs having no contact with uranium, but none of these 
over a period of six months averaged an excretion rate indicative 
of half the maximum permissible body burden. 


The monitoring of plant areas for radioactive contamination 
has shown that most work is done in an environment whichis main- 
tained well below the maximum permissible concentration for air- 
borne uranium. There are jobs which produce localized areas of 
somewhat elevated concentrations of uranium in air for short 
periods of time, but as new operating techniyues are developed 
these events occur less frequently. The mean of 8810 shift- 
length air samples collected in work areas during 1959 was 2.04 
x 1074! microcuries of alpha activity per cubic centimeter of 
air; this represents 34% of the maximum permissible concentra- 
tion of 6 x 1074 pe/ce. 
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COSTS OF RADIATION PROTECTION PROGRAM 


It is rather difficult to evaluate the cost of radiation 
protection in a plant in which the basic responsibility for such 
protection reverts to line supervision, and still exclude the 
costs incurred from the efforts of the operating personnel. The 
annual budget for the Health Physics Department for FY-1960 is 
approximately $65,000, or about 0.3% of the operating expense 
for the plant, exclusive of power costs. 


In addition to this basic cost, other items such as the 
maintenance of radiation instruments which belong to other groups, 
maintenance of local exhaust ventilation, and the cost of main- 
taining respirators and masks might also be included. These 


activities will approximately equal the cost of the Health Phy- 
sics budget. 


PROTECTION OF ENVIRONS 


Even normal uranium at $11.45 per pound is a rather expensive 
element; so this represents a great incentive to recover as much 
in any situation as is economically feasible. The added desire 
to maintain a wholesomerelationship with neighboring communities 
and individuals makes it essential that all waste air be exhausted 
through filters, and that all effluent waters be maintained at 
extremely low concentrations of uranium. 


The results of the plant environmental poptcoring program 
for 1959 indicate that the average of 3 x 107 3 microcuries of 
uranium per cubic centimeter of air at the perimeter fence is 
below NBS Handbook 69 standards for air beyond control areas by 
a factor of 10. The mean result for beta activity, 2 x 10-12 
microcuries per cubic centimeter of air, is a factor of 500 
below the applicable standard. 


The monitoring of water in the small, wet weather streams 
on each side of the plant during 1959 gave an average alpha 
activity of 1.07 x 10-/ microcuries per cubic centimeter and a 
mean beta analysis of 2.88 x 1076 yuc/ec. These figures are ap- 
proximately factors of 200 and 10, respectively, below the 
standards recommended for water beyond a restricted area. Samples 
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collected in the Ohio River below this plant show no greater 
alpha activity than samples collected above the plant in that 
river. The beta activity of 2.23 x 1077 yc/ec, while slightly 
elevated above the upstream results, is a factor of approxi- 
mately 100 below the standard listed in NBS Handbook 69. 


EFFECTS OF POSSIBLE CHANGES IN LIMITS 


In the eight years of operations at the Paducah Plant the 
accumulation of internal deposits of uranium by employees has 
been minimal, and exposures to penetrating radiation have been 
less than the maximum figures accepted nationally. There has 
been no clinical evidence of injury, either acute or chronic, 
to any employee from radiation or radioactive materials. 


It has been estimated that if standards were reduced to 
50% of the current values, an expenditure of approximately 
$2,000,000 might be necessary. This would provide a method 
for doing much maintenance and handling of material by remote 
control such as that utilized around nuclear reactors and in the 
processing of plutonium. If the present radiation standards 
were to be reduced by a factor of 5 or 10, however, the ramifica- 
tions would be numerous. A cost vs. result relationship which 
might be nearly linear if radiation limits were reduced by a 
factor of 2, would probably more nearly be exponential at the 
factor of 10. Thus, costs and difficulties in meeting such 
limits would increase much more rapidly than would the desired 
reduction in radiation exposure. Ir addition to the initial ex- 
pense involved, and increased operating cost, such changes could 
also result in employees being required to use respiratory equip- 
ment and other protective devices for extended periods rather 
than for specific short-term jobs as is now the case. The re- 
duction of the maximum permissible concentration of some iso- 


topes would reduce these levels below those which can be measured 
today. 
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Conversely, if such standards were to be raised by 50% of 
the present values, it would be possible to save some of the 
money being expended to control exposures. 


The accumulation of evidence over the past eight years at 
the Paducah Plant, and the past 15 years at other plants operated 
by Union Carbide Nuclear Company in this industry, shows that 
standards are being met, and there seems to be no evidence 
that anyone has suffered damage at these levels. 








PART IV. OAK RIDGE Y-12 PLANT 


GENERAL INFORMATION 


The Y¥-12 Plant was built in 1943 for the production of 
uranium-235 by the electromagnetic process which had become ob- 
solete by May 1, 1947, when Union Carbide began operations. Per- 
sonnel and facilities in the Y-12 Plant are presently engaged in 
the processing of enriched uranium to metal, and the recovery 
of uranium from scrap. This effort includes chemical processing 
and metallurgical fabrication of uranium into weapon components. 
Also, a part of the research and development activity of Oak 
Ridge National laboratory is carried on at this location. 


Operations in Y-12 involve uranium in many forms: metals 
and alloys (solids, chips and fines), oxides, fluorides, and 
nitrates. In separate processing areas, it may be encountered 
in most of the above chemical forms in any one of several degrees 
of isotopic enrichment ranging from that depleted in the u235 iso- 
tope up to about 90% y235, 


The gamma radjations emitted by uranium isotopes are of low 
energy and thus do not constitute a serious source of penetrating 
radiation. Its principal mode of radioactive disintegration is 
alpha emission. The main radiation hazard problem from uranium 
is one of damage to the critical body organs by radiation from 
material which has found its way into the body via ingestion, in- 
jection, or inhalation. The principal mode of entry into the 
body in uranium processing is the inhalation of dusts, fumes, 
or mists generated by the various operations. 


RADIATION STANDARDS 


A. Basic Criteria 


l. The maximum permissible limits used in the Y-12 Plant 
are those recommended by the National Committee on 
Radiation Protection and other nationally or inter- 
nationally recognized authorities as contained in.the 
following references: 


54561 O—60——45 
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National Bureau of Standards Handbook 59 - 
“Permissible Dose-.from External Sources of 
Radiation" and addendum to this handbook - 
"Maximum Permissible Radiation Exposure 

to Man." 


National Bureau of Standards Handbook 69 - 
"Maximum Permissible Body Burdens and Maxi- 
mum Permissible Concentrations of Radionuclides 
in Air and in Water for Occupational Exposure." 


B. Action Points 


1. 


Air - Seventy disintegrations per minute per cubic 
meter is used as the plant acceptable limit for air- 
borne uranium. Air levels which exceed these levels 
are used as indication for the need for engineering 
or operational improvement, or for respiratory pro- 
tective devices. A single limit is used for all iso- 
topic enrichments and types of uranium and has_been 
found to be advantageous in administering the Y-12 
program. 


Urine - Action is taken on the basi&S of a thirteen 

week urinalysis average which is gtatistically in excess 
of 70 d/m/24 hr. voiding (3 x 10°? yic/24 hr voiding) for 
enriched uranium, or 50 j31g/24 hr voiding for non-enriched 
uranium. Personnel showing such levels are removed from 
additional exposure to uranium until such time as their 
quarterly average uranium excretion rate is half the 
action limits quoted above. 


These limits have factors of conservatism due to the 
fact that 


a. Uranium urine limits calculated for a critical 
organ other than the lung are higher than the 
lung limit. Thus, the assumption that all ma- 
terial comes from the lung is conservative. 
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b. The 120 day biological half-life used in establishing 
the lung limit is much Longer than the half-life 
which our, experience indicates is typical for per- 
sonnel who have recently been exposed to uranium. 


Direct Penetrating Radiation - The references quoted 
above limit external radiation to 24 rad/year skin 
done and/or 12 rad/year penetrating radiation. How- 
ever, an additional limitation is prescribed in that 
average exposures cannot exceed 10 rad and 5 rad/yr, 
respectively. This occurs through use of the age 
cumulative formulas, 5(N-18) and LO(N-18). For admin- 
istrative control, the plant acceptable limit is 
established at the level of the average exposure limit. 
Supervisory personnel are advised when employees ex- 
ceed one-fourth of the plant acceptable limits in any 
quarter. Further exposure is usually avoided by ad- 
ministrative or operational controls. In special cases, 
where previous exposure history warrants, exposure up 
to the maximum permissible limits may be allowed. In 
any case, however, where these limits are approached, 
action is taken to remove the person involved from 
further exposure potential until his cumulative is at 
least below the limits for average exposure. 


Water - The plant acceptable limits for activity in 
creek water leaving the plant are 3 x 1075 ue/ce for 
alpha and 2 x 10-5 pec/ce for beta activity. These 
limits assume uranium as the alpha containment and 

the most likely uranium daughter as a beta source. 
Permissible values are set at one-tenth those allowed 
in Handbook 69 for continuous operational exposure 
(168 hours/week) as recommended by the NCRP. Activity 


in water levels.has been consistently below these 
limits. 


OPERATIONAL POLICY AND ORGANIZATION 


The line organization is responsible for the protection of 
plant employees from injury by exposure to radiation hazards in 
the same manner that it is responsible for plant operation, pro- 
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duction, and protection against harm from any other cause. While 
the prime responsibility of implementing the policy rests with 
line supervision, staff and service groups provide technical 
assistance and render any required service concerning the investi- 
gation and evaluation of radiation hazards, the maintenance of 
exposure records and the proper training of employees. 


The Health Physics Department provides the staff assistance 
indicated above; allied services are rendered by other depart- 
ments. Personnel assignments are noted below: 


Health Physics Department Personnel 
Supervision 2 
Health Physicists 6 
Health Physics Inspectors 12 
Clerical 3 

Bio-Assay Analyses and Services 11 

Deve Lopment 2 

Maintenance (Instrument & Analytical 

Equipment ) 3 
Total 39 


The Y-12 radiation protection program is aimed at the elimi- 
nation of potential problems through competent engineering design 
and operation of processing facilities. Obviously, the degree 
of engineering detail given to control and safety equipment is 
influenced by the maximum permissible levels of the contaminant. 
Following detailed analyses of engineering designs, and subsequent 
inspection of the completed installation, operational audits are 
performed routinely to assure continuing conformance to minimum 
requirements. 





es 


x RR eR EAE 


~ er meer peameecT 


| 
| 





RON 2 hi 


A OS 





RADIATION PROTECTION CRITERIA AND STANDARDS 691 


MONITORING PROGRAM 


A. External Radiation 


l. 


Persons working with normal or depleted uranium are 
provided with beta-gamma sensitive film dosimeters. 
These meters are changed monthlyefor a majority of 
these personnel; however, in special cases where the 
exposure potential is the greatest, a biweekly change- 
out is employed. 


B. Internal Exposures 


l. 


Urinalyses - Quantitative analysis of urine for uranium 
being eliminated from the body is used to determine 


whether plant employees are assimilating contamination 
which they may have encountered. 


The frequency at which employees are requested to 
submit samples is determined by considering the type 
of exposure, the average area environmental conditions 
(air and smear data) and statistical evaluation of group 
or departmental urinalysis averages and variability. 
The frequency may vary from once per quarter to once 
per week. Generally speaking, the frequency of uranium 
urinalyses increases as the concentration of the U235 
and y234 isotopes increases. 


In Vivo - A program of in vivo counting is utilized in 
Y-12 to provide valuable data supplementing that ob- 
tained by urinalyses. This method estimates the chest 
burden of uranium by means of scintillation detection 
of gamma radiation from the uranium in the body. The 
count obtained is compared with that from known amounts 
of uranium in a model of the human torso. 


: Environmental Checks 


L. 


Air Monitoring - Permanently installed sampling systems 
and portable equipment are used in the general air 
sampling program. Sampling heads are strategically 
located to collect samples which will be representative 
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of the average air-borne concentrations in the areas 
being monitored. The frequency with which these samples 
are collected is related directly to the levels of air 
contamination detected. The frequency of sampling 
varies from once per day to twice per month. The 
general air sampling program is supplemented by special 
samples taken in the breathing zone of operators or at 
specific locations relative to the operations being 
investigated. 


y Water Sampling - The major portion of the Liquid ef- 
fluents which leave the plant site is released via 
Poplar Creek which traverses the length of the plant 
area. This stream is sampled every few minutes by an 
automatic proportional sampler. Once a week a com- 
posite sample is analyzed for gross alpha and beta- 
gamma activities and some non-radioactive contaminants. 
Another stream, Bear Creek, rises to the west of the 
plant area and flows west. A spot sample is taken 
from this stream once a week and analyzed for gross 
alpha and beta-gamma activities. 


3. Surface Monitoring - Removable surface contamination 
is estimated routinely by means of a standard smear 
technique. Frequency of the smear survey varies from 
once a week in many processing areas to once a year 
in non-processing areas. 


MONITORING EXPERIENCE 


A. 


Internal Dose Evaluation 


Approximately 2000 persons in Y-12 who work routinely in 
uranium processing areas are assigned to routine uranium 
urinalyses programs. Fourteen hundred of these are as- 
sociated with uranium of enriched or mixed assay and their 
samples are analyzed by a uranium activity determination 
method. The remaining 600 handle only normal or depleted 
uranium. Samples from these personnel are analyzed by the 
fluorometric determination method. 
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External Dose Evaluation 


Some 1200 personnel were monitored during 1959 by means of 
the film meter. None exceeded the maximum permissible ex- 
posure of 3 rem/quarter or 12 rem/year. 


Action Taken 


There were no overexposures during 1959. Sixty individuals 
were removed from further exposure on the basis of the plant 
acceptable urine limit. Two individuals were moved on the 
basis of the external penetrating radiation control criteria. 


Environmental Data 


1. Air Analyses - During 1959, over 50,000 samples were 
taken in uranium-handling areas utilizing the perma- 
nently installed air sampling systems. These samples 
were supplemented with approximately 5000 operational 
and breathing zone samples. 


2. Effluent Water Analyses - The results of the creek 
water analyses show that the average concentrations 
do not exceed one-tenth the maximum permissible con- 
centration. 


3. Contamination Control - The results of the annual | 
smear campaign in non-uranium handling areas indicate 
good control of the spread of contamination to these 
areas on the basis of compliance to the control cri- 
terion of less than 20 d/m/100 cm* smear. 


COSTS Annual Operating Expense Personnel Cost/Year 
Health Physics Department 23 $230,000 
Bio-Assay Analyses & Services ll 110,000 
Instrument Engineering & 
Maintenance 5 50,000 
Instruments 20,000 


Total 39 $410,000 
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The radiation protection program expenditures average 
approximately 0.5% of the total production cost, or 
about $80 per person per year. 


PROTECTION OF ENVIRONS 


A. Waste Control Methods 


l. 


Liquid wastes containing small concentrations of uranium, 
the recovery of which is not economically feasible, are 
pumped or drained to the settling basins west of the 
Y-12 Plant area. In some temporary situations they 

may be transported by tank truck. The earthen dikes of 
these basins permit no above-ground release of the im- 
pounded wastes or influx of ground water. 


Solid wastes consist of processing materials and equip- 
ment, contaminated trash and process residues - all of 
which may contain uranium in concentrations so small 
that further attempts at recovery are uneconomical. 
Solid wastes are routed to contaminated material storage 
areas, the decontamination and smelting area, the Y-12 
burning ground, the Y-12 burial ground, or the ORNL 
burial ground. Disposition depends on type of waste 
and the kind and level of contamination. 


CT AES ALM ONT ORR 2S 


Contaminated combustible solid wastes having an 
alpha activity less than 10,000 disintegrations per 
minute per 100 em* of surface area are burned in the 
Y-12 burning ground. Combustibles, which are con- 
taminated above this level, are buried. Experience has 
shown that the burning of materials contaminated to 
this extent does not generate significant air-borne 
radioactivity. 


Contamingted solid wastes having alpha activity less 
than 7 x 10°“ microcuries per gram are buried at the 


Y-12 burial ground. 
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Contaminated equipment or material which cannot be 
decontaminated sufficiently to permit its sale as sur- 
plus or excess is either retained in above-ground 
storage areas or disposed of in one of the burial 
grounds. 


2d. Air-Borne Waste 


(a) Containment - Most of the plant production systems 
are completely or partially contained. These sys- 
tems are generally vented or exhausted to the plant 
environs. Such exhausts, as well as general air 
exhausts from some areas,are filtered by mechanical 
or chemical means before being discharged. In many 
cases, there is double filtering. Exhausts are 
locally filtered at the production system for the 
purposes of strict containment and material account- 
ability. In addition, exhausts are filtered just 
prior to discharge into the plant environs as an 
added precaution. 


(b) Monitoring - The system of monitoring for air-borne 
release of radioactive effluents consists of two 
programs: 


Principal stacks exhausting air from production 
areas are sampled routinely for entrainment of 
radioactive particulates. Many of these stacks 
contain permarently installed air sampling equip- 
ment--others are sampled with portable equipment. 
These samples are analyzed by alpha counting. 


Estimation of ground level concentrations in 
air is accomplished by the operation of eleven 
sampling stations located in the Y-12 valley. The 
samples so taken are analyzed by both alpha and 
beta-gamma counting. 


B. Monitoring Results 
EF. Air-Borne Waste 


Control of air-borne wastes is indicated by results of 
the outdoor air sampling stations within the Y-12 Area. 
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Although these samplers are within the controlled area, 
they average only about one-tenth the limits for uranium 
or its beta-active daughter products for members of the 
public Living in the neighborhood of controlled areas. 
These limits for such persons are 3 x 10712 uc/cc, alpha, 
and 1079 uc/cc, beta. 


ae Liquid Waste 


The highest results found on any sample obtained in 

the liquid settling pits during fhe year 1959 were 6 x 
1075 yc/cec for alpha and 2 x 107° yc/ce for beta. No 
limits are applicable to the water in the pits, since 
they are for storage and settling. Radioactivity can 
leave them only by seepage. Levels in creek water in 

the effluent streams most closely connected to the plants 
have been reported above. 


3. Solid Wastes 


Since solid wastes are buried under controlled conditions, 
measurement of air-borne and effluent water contaminants, 
reported as such, indicate the protection thus afforded 
the environs. 


CONSIDERATION OF CHANGES IN PERMISSIBLE LIMITS 


A. 


General 


The protection program, based on the limits suggested by 

the recognized authorities, has provided us with workable ex- 
posure criteria. Medical examinations of individuals re- 
ceiving short-term exposures in excess of the recommended 
limits reveal no clinical damage. 


A reduction in the present limits by factors of 5 or 10 

would result in a revision of our concept of protection. 
Analytical procedures applicable to such a program would 
involve complete revision and additional equipment and facili- 
ties. The present analytical procedures are not capable of 
measuring limits imposed by such a radical reduction. Beyond 
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the addition of health physics analytical personnel and equip- 
ment is a cost of much greater magnitude which would arise due 
to the changes incurred in attaining a complete separation 

of personnel from work material in the production facilities. 


An increase in the Limits by factors of 5 or 10 would not 
greatly affect the mode of operation nor the monitoring pro- 
gram, since, for other reasons (i.e., accountability) a change 
in this direction would result in the elimination of a few 
analytical and monitoring personnel, but would not represent 
any major savings. The major effects of a reduction in the 
protection limits would be more pronounced in the production 
facilities. This cost would be many millions of dollars 

in excess of our present production expenditures. 


Specific Production Example 


The enriched uranium recovery facilities at Y-12 process the 
scrap generated in the production of uranium metal from UF6, 
and also the scrap generated in the production of nuclear 
weapons. In order to meet a reduction in radiation exposure 
limits, extensive changes in piping, ventilation, and handling 
equipment would be required in these facilities and some 
processing ecuipment would have to be completely redesigned 
and rebuilt. It is estimated that this would represent an 
effort involving an initial expenditure of $2,000,000 or 
$3,000,000. In addition, the necessary changes in operating 
and maintenance techniques would require an annual expendi- 
ture of approximately $500,000 over the present operating 
costs. 











PART V. OAK RIDGE NATIONAL LABORATORY 


The Oak Ridge National Laboratory, established as a pilot plant to develop and 
demonstrate methods for the production and chemical processing of plutonium, 
was the first site at which truly large amounts of radioactive materials were 
produced and processed. Essentially all of the reactor-produced radionuclides 
were first encountered in large quantities at ORNL. 


Major emphasis on radiochemical process development and pilot plant testing has 
continued, resulting in a number of processes for production plants at other 
sites. The Atomic Energy Commission's radioisotope production and distribution 
programs have been initiated and carried forward at ORNL. Over the years the 
continuing trend has been toward larger and larger quantities of radioactivity 
in processing operations with correspondingly higher levels of radiation. 
Changes now being made to high-level radiochemical processing facilities will 
provide positive confinement of all radioactive materials during any accident 
short of destruction of the facility. 


Large volumes of radioactive wastes of all types are being generated today, 

but waste disposal technology has also advanced. ORNL has developed methods 
for removal of radioactive components from large volume waste streams so that 
most of the volume can be released without carrying unsafe quantities of radio- 
activity. Work is in progress to improve these methods and to develop methods 
for converting high-level wastes to solids for storage. 


Basic research in health physics and radiobiclogy became major programs at 
ORNL very early in its history. The work in vhese fields continues among the 
most important at ORNL and has yielded outstanding scientific contributions. 
The internationally accepted maximum permissible radiation exposure values 
were developed in a large part by ORNL scientists, working with the NCRP and 
ICRP. Fundamental biological research on radiation effects has advanced 
knowledge of how the damaging effects of radiation occur and how these effects 
may be minimized or cured by treatment. 


Basic researches in chemistry and physics have been major activities since the 
earliest days of atomic energy, as the unknown phenomena had to be sought out 
and understood for exploiting the full potential opened by nuclear fission. 
More recently the advanced research in physics has led to major efforts to un- 
lock the-even greater potential of nuclear fusion. 


Reactor development has moved steadily toward higher power levels, greater 
fission density, and longer fuel lifetime. All of these advances in reactor 
performance have produced larger quantities of radioactive materials and higher 
radiatio.. levels. The major reactor development programs at ORNL -- gas-cooled, 
solid fuel reactors, and thermal breeders utilizing liquid fuels -- have been 
largely responsible for the rapid growth of studies into radiation effects. 
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Very early in the development of nuclear energy, experience showed that radi- 
ation has effects on practically everything, not just living organisms. The 
effects of radiation are important in reactor structural materials, fuel and 
moderator materials, chemicals used in processing, shielding materials and 

even in the materials used to make instruments for applications in high-intensity 
radiation fields, especially at the radiation levels now being encountered in 
high performance reactors. Consequently, ORNL has devoted increasing attention 
to research on radiation effects, resulting in the construction of new “hot” 
cells for studies on irradiated materials and in the development of new tech- 
nology for performing measurements and analyses by remote control. 


While most research and development work at ORNL involves radiation or radio- 
active materials, the quantities are small so that any shielding or remote handling 
devices required can be installed in standard laboratories. Large-scale oper- 
ations involving radiation and radioactive materials are centralized in facili- 
ties specially designed for safe work with radioactive materials. The major 
facilities for work with high levels of radiation and large quantities of radio- 
activity are briefly described below: 


The reactors are utilized as sources of neutrons, high-intensity radiation 

fields and for the production of radioisotopes. Reactor experiments primarily 
involve the insertion of materials to be irradiated, although for some experi- 
ments radiation beams are brought out of the reactor. Irradiated reactor fuel 


is also utilized for chemical process development tests and as a source of 
fission-products. my 


Radiochemical processing facilities include the Chemical Processing Pilot Plant, 
which provides six processing cells shielded by five feet of concrete and equip- 
ped for completely remote control. This facility is currently in use for demon- 
strating the Volatility Process for non-aqueous chemical processing of irradiated 
reactor fuels and for demonstrating processes for recovery of fissionable mater- 
ial from irradiated power reactor fuel. The Metal Recovery Facility has been 

in almost continuous use since its construction in 1950 for the recovery of 
valuable materials from irradiated reactor fuels or from wastes. The Fission 
Products Pilot Plant utilizes radioactive wastes from other processing operations 


as its feed material for the recovery and separation of fission product radio- 
isotopes. 


The Unit Operations Laboratory and the Solvent Column Laboratory provide shield- 
ing for 1000 curies of beta-gamma emitters. The High-Radiation-Level Chemical 
Development Laboratory is shielded to accommodate fully irradiated fuels but is 
limited by size to small-scale development tests. 


The Radioisotopes Area contains a group of small processing buildings for the 
processing of radioisotopes plus a larger building for the storage, chemical 
analysis, packing and shipping of radioisotope products. 


Chemical research on highly radioactive materials is conducted in a group of 
hot cells designed for small quantities of highly irradiated material. Radi- 
ation damage investigations are conducted in another group of hot cells specially 
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designed for detaiIed examination of irradiated solid materials. The Segmenting 
Cells are designed to take large reactor fuel elements, in-pile loops or even 
components from reactors and cut them into smaller pieces which can then. be 
handled in other hot cell facilities. 


The waste handling systems include large underground tanks for storage of highly 
radioactive liquid wastes, open soil pits for additional waste storage, and a 
Process Waste Water Treatment Plant for removing radioactivity from large volumes 
of process water so that these volumes can be safely discharged to the river. 
Conteminated air handling systems include filters, scrubbers, and electrostatic 
precipitators for removing radioactivity, plus 200- and 250-foot stacks to dis- 
charge the air at altitudes where natural dilution will assure acceptably low 
concentrations of radioactivity at ground level. Solid wastes are buried under- 


ground, with concrete poured directly on top of the waste material before it is 
covered with earth. 


Although more people than ever are performing work involving unprecedented 
levels of radiation, radiation exposures among ORNL employees are well below 
the recommended permissible limits. Increased knowledge has given better in- 
struments for detecting radiation, better shielding for radioactive materials, 
and superior facilities for complete remote control operations. These advances 
in technology and basic knowledge have been effectively applied at ORNL to 
assure maximum protection of employees and the general public from the hazards 


inherent in research and development in the fields of nuclear science and 
technology. 
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PHILOSOPHY OF RADIATION EXPOSURE CONTROL AS PRACTICED AT ORNL 


At ORNL it has been recognized from the very beginning that ionizing radia- 
tion is harmful to man under conditions of excessive exposure. Consequently, 
it has been a long-standing policy to provide and maintain a strong Health 
Physics organization and to provide reasonable assurance that recommended 
levels of maximum permissible dose shall not be exceeded. As a result, 
operating procedures are devised which will limit radiation exposure to the 
lowest practical level in order that a maximum of permissible exposure is 
available should an emergency arise and/or an accident occur. Exposures 

are minimized by budgeting the time of workers, erection of shields, and 

use of remote handling equipment. In regard to the release and spread of 
radioactive material to the environment of the worker and the neighborhood, 
it is the policy of the Laboratory to achieve total containment with at least 
two lines of defense. 


Permissible Exposure Levels 


The maximum permissible exposure levels are based on the recommendations of 
the ICRP and the NCRP as described in NBS Handbooks 59, 63, 69, and supple- 
mentary reports. Normal Laboratory operations are planned in such a manner 
as to guarantee that no employee will exceed either the maximum dose in a 
13-week period or the accumulated dose permitted under the provisions of the 
age formulas. It is the general practice for supervisors to allocate the 
working time of the employees constituting a work group in such @ manner as 
to minimize the exposure to any one individual. 


Normally, planned exposures are limited on a daily and weekly basis in such 

& manner as not to exceed the average permissible dose established by the 

age proration formulas recommended by the ICRP and NCRP. As the level per- 
mitted by the age proration formulas are below the maximum level permitted 

in any single quarter, the normal planned exposure, when averaged over a 
13-week period, is only a fraction of the permissible quarterly dose. If 

it becomes necessary in the course of an operation to utilize all of the dose 
permitted of an employee on a quarterly basis, exposures are permitted at the 
recommended permissible quarterly rate providing the accumulated dose does 
not exceed the levels recommended in the age formulas. 


In the event of an accident leading to an exposure which exceeds the recom- 
mended maximum permissible quarterly dose and/or the accumulated dose pro- 
vided for in the age formulas, the employee is not permitted additional ex- 
posure until sufficient time has passed to reduce the accumulated dose to 
the recommended permissible level. 


Radiation and Contamination Control 





It is mandatory in planning Laboratory operations to consider the recommended 
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maximum permissible levels as they apply to employees, persons residing in 
vicinity of the Laboratory, and the population at large, 


In regard to occupational exposures, it is essential to assure that the 
radiation background resulting from normal Laboratory operations be mini- 
mized in order to permit as much freedom as possible in the planning of work 
assignments. In order to accomplish the above, it is Laboratory policy that 
the radiation background within the Laboratory premises will not persist for 
a significant period of time at a level greater than 1/10 of the recommended 
permissible occupational exposure. Consequently, extensive monitoring is 
performed on a Laboratory-wide scale to assure that contamination of air, 
work clothing, and Laboratory equipment is such as to guarantee that the 
above criterion is met. If it develops that the above criterion cannot be 
met, operations are decelerated, equipment decontaminated or replaced, and/ 
or the area of concern isolated as a controlled zone. A detailed discussion 


concerning zoning requirements as they appear in the ORNL Health Physics 
Manual is presented in Appendix I. 


In order to assure that the recommended maximum permissible levels are not 
exceeded in the case of persons living in the neighborhood of the Labora- 
tory area and/or in the case of the population at large, a network of air 
monitoring stations capable of determining the radioactive content of the 
air, is maintained. In addition, surface streams are monitored routinely 

in order that the recommended maximum permissible levels for water are not 
exceeded. In the event of an accidental release of radioactive materials, 
emergency procedures can be invoked. A discussion of methods and techniques 
is presented elsewhere in this report. 


Responsibility for Radiation Protection 


It is Laboratory policy that over-all responsibility for a safe operation 
lies with the immediate supervisor in charge of the operation. The super- 
visor is responsible for keeping up-to-date with the exposure record of the 
employees under his supervision; he is aware of all potential hazards in- 
volving his operation; and he- is expected to plan the work of his depart- 
ment in such @ manner as to minimize radiation problems. In matters in- 
volving the protection of personnel from ionizing radiation, the supervisor 
is assisted by a professional health physicist who recommends working time, 
protective equipment, and (in some cases) operational methods. Although 
the professional health physicist may be assigned to the staff of the super- 
visor responsible for a given operation, he reports through a separate line 
organization to the Laboratory management and acts in an advisory capacity. 


Radiation monitoring activities which include personnel metering, background 
measurements, and environmental surveys are the responsibility of the Health 
Physics organization and are discussed elsewhere in this report. 


| 
i 
q 
{ 
i 
} 








: 


| 


Radiation Surveys 


The primary objective of the radiation protection program at Oak Ridge National 
Laboratory is to provide effective controls over radiation hazards arising from 
research, engineering, and production work with atomic energy so that exposure 
to personnel is regulated within the established permissible limits. It mst 
be recognized that in a continuing operation with a stable work force, such as 
that at the Laboratory, exposures to radiation in small increments are chroni- 
cally received. In order for these increments to be small enough for the 
cumulative doses not to exceed the prescribed limits, the hazards mst be rec- 
ognized and exposures anticipated. Such functions can best be performed by a 
staff of health physicists assigned directly to the work area involved. At 


ORNL a staff group, designated as the Radiation Surveys Section, performs this 
service. 


The Radiation Surveys Section consists of approximately 35 individuals who 
work out of 10 field offices located in various parts of the Laboratory. Each 
field office is equipped with the instruments necessary to cope with the type 
of problems likely to arise within the surveillance of that office. These 
health physicists are those most intimately associated with the radiation and 
contamination problems at the Laboratory on a day-to-day basis. They are pri- 
marily responsible for the detection, measurement, and evaluation of radiation 
hazards. Their recommendations for control methods and equipment enable the 
Laboratory to proceed on an orderly program without excessive exposures. 


The services performed by the Radiation Surveys Section can be divided into 
two broad cagegories: routine and special. The routine furctions are those 
which the surveyor performs on his own initiative. These funtions include: 


1. Making certain that there is available an adequate supply of 
necessary instruments. Adequacy here refers to type and quality 
as well as quantity. In addition to portable detectors kept in 
each field office, there are continuous monitoring devices stra- 
tegically located throughout each area. These monitors are 
sensitive to changes in the radiation background and are designed 
to sound an alarm (either local, remote, or both) at a predeter- 
mined level. Some of these monitors are air sampling devices 
which continuously record the concentration of airborne radio- 
active contamination and alarm when undesirable conditions come 
into existence. Contamination checking devices, such as hand- 
and-foot counters, are also available for use by all personnel 
working with radioactive materials. All such devices are given 
periodic operating and calibration tests. 

2. Making certain that working conditions are safe for routine op- 
erations within the area. This requirement means that the health 
physicist keeps himself constantly informed as to what operations 
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are being performed. This requires a continuously open, two-way 
communication channel between the health physicist and the super- 
visor in charge. The necessity for continuous communication is 
immediately obvious when one considers the advisory relationship 
of the Health Physics organization. 


In addition to action based on information supplied by supervision the health 
physicist is trained to be alert to previously undetected problem situations. 
An example of this is the never-ending search for evidence of the spread of 
radioactive contamination. A level of contamination acceptable in an area 
where special precautions are taken would not be permissible in a lunchroom or 
library where no hazard precautions are in force. The results of cross- 
contamination of such facilities have far-reaching ramifications if allowed 
to remain undetected. The insidious nature of such hazards gives added empha- 
sis to the necessity for their early detection and removal. 


Each area maintains a log in which is kept a detailed record of survey work 
performed. The log reflects all pertinent information involved in each survey, 
including dates, locations, instruments used, nature and extent of hazards 
found, and the recommendations made for their control. 


The special services performed by the health physicist are those done in re- 


sponse to a direct request for health physics assistance. This type service 
includes: 


1. Detailed monitoring of radiation hazards associated with 

reactor shutdown (insertion and removal of fuel and ex- 

perimental samples) as well as those existing after reactor 

start-up (beam-hole leakage, shielding configuration changes, 

changes in power level, etc.). 

Monitoring of chemical processing operations. 

Monitoring the operation of ion accelerators of various types. 

Monitoring shipments of radioisotopes to be certain that safe 

handling requirements are met; and in general 

§. Monitoring any type operation where radiation hazards are known 
or suspected to exist. 


FwWr 


A most important phase of this type of work is the establishment of working 
times, the use of special protective equipment, and/or operating procedures. 
Where the potential hazard is significant, the health physicist is in con- 

tinuous attendance. 


Another important aspect of the radiation protection program depends upon the 
formal training of employees. An orientation program for new employees intro- 
duces them to the hazards unique to atomic energy. It cannot, of course, be 
sufficiently detailed to enable each individual to become expert in the pro- 
tection field, but it opens his eyes to the problem. From this stage his educa- 
tion is continued by his supervisor with detailed job performance instructions 
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and through his contacts with health physics representatives at safety meetings, 
seminars, and special training programs. 


Personnel Monitoring 


Personnel exposures are determined by the use of ionization chambers, film badge 
meters, body fluids analyses, and whole body counting. 


Ionization chambers, or pocket-type meters, are used to complement the film badge 
meter and indicate beta-gamma exposures on a daily basis. These meters are dis- 
tributed from the various portals; are worn in pairs to give greater statistical 
reliability; and are processed daily by Health Physics. Daily readings are taken 
in order to limit to a period not greater than a few hours the time required to 
ascertain significant personnel exposures of unknown occurrence and to maintain 
a cumulative total of daily exposures within a calendar quarter. In operations 
where it is advisable for the employee to determine the extent of the dose him- 
self, direct-reading instruments are issued in the field by the health physicist. 


Film Badge Meters are worn by all employees and provide the basis from which ex- 
ternal radiation exposures are determined. The film badge meter measures dose 
due to beta, gamma, and/or neutron radiations. They are issued quarterly and 
are processed out-of-cycle only when the pocket meters indicate that the per- 
missible exposure is being approached and/or there is reason to determine the 
dose more precisely than is possible with pocket meters. In addition to the 
use of beta-gamma and neutron sensitive films, the film badge meter is equipped 
with a system of elemental foils which enables the measurement of neutron dose 
above ten rads by activation analysis techniques. The monitoring data for each 
employee are summarized quarterly and annually by IBM methods. The record sheets 
on which the original data ae entered are maintained as permanent records along 
with the dosimetry films worn by the employee. A file folder is maintained for 
each employee and contains all basic data relating to the employee's radiation 
exposure. Routine reports are made as follows: 


1. A report is issued each week covering out-of-cycle film badge 
meter processings. ‘ 

2. A report is issued quarterly which lists persons whose dose 
exceeds the average recommended maximum permissible dose 
allowed by the age formas. 

3. An annual summary is issued which includes for every ORNL 
employee the dose for the year of the report, the total 
dose accumulated through the year of the report, and the 
calculated fraction of the recommended maximum permissible 
average dose. 

4. Reports of significant exposures are made to supervision as 
soon as measured. 


Body fluids analyses are performed in order to determine if radioactive materi- 
als have been deposited internally; both urine and/or fecal specimens are 
analyzed radiochemically. 
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Although an employee may, on his own initiative, submit samples to the labora- 
tory for analysis, samples are usually requested of employees by health physics 
personnel on the basis of a probable exposure or past history of exposure. 
Procedures are established whereby an employee's work assignment is changed 

in order to reduce the probability of additional exposure when his rate of 


excretion for the isotope(s) involved is greater than that estimated to be 
the permissible maximun. 


Body fluids analyses data are reported weekly and form the basis for additional 
sampling and/or changes in work assignment. 


Whole body counting is a method used for measuring directly the quantity of 
gamma emitting radioisotopes in the human body. ORNL, in the past, has uti- 
lized the whole body counting equipment located at the Y-12 plant and at the 
Argonne National Laboratory. However, at the present time, ORNL has under 
construction a facility of its own which utilizes a large crystal detector 
placed within a steel room shield. The selection of subjects for analysis 


and the procedures for record keeping and reporting will be similar to those 
used for body fluids analysis. 


Availability of Personnel Exposure Data 


Permanent personnel exposure records of an employee are available to him at 
any time upon request; supervisors may obtain exposure information concern- 
ing any employee under their supervision; and exposure information is available 
through ORNL management to authorized agencies. 


How Well Does The ram Acc lish Its Aim? 


As of January 1, 1960, only one Laboratory employee has an accumlated dose 
which exceeds the average permitted by the age formmlas. The dose was re- 


ceived during the first year of his employment at ORNL and occurred as the 
result of an accident in 1957. : 


As of January 1, 1959, only eleven employees have sustained an accumlated 


dose in excess of 50% of the permissible average dose as defined by the age 
formas. 
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ENVIRONMENTAL PROTECTION AND. CONTROL 


Waste Disposal Methods 


Radioactive waste materials generated by the operations of Oak Ridge National 


Laboratory are collected, treated, and disposed of according to their physical 
states. 


Solid wastes are buried in a Conasauga shale formation where underground move- 
ment of radioactivity leached from the wastes will be at a minimum. The 


Conasauga shale has a marked ability to fix radioactive components by an ion 
exchange mechanism. 


The major portion of the long-lived fission products from all types of liquid 
wastes are confined in tanks or in the ground by the use of large seepage pits 
in the Conasauga shale formation. Large volume, low-level liquid wastes after 
preliminary treatment are discharged to the surface streams. 


The amount of radioactivity that is sent to the solid waste burial ground or 

to the liquid waste tanks and pits is limited by the capacity of the environ- 
ment to absorb the activity. The discharge of low-level radioactive waste to 
the surface stream is not limited by a fixed vaiue in terms of curies but is 
controlled by the calculated concentration in the Clinch River of specific 
radionuclides identified in samples of the waste discharged. The dilution 
afforded by the Clinch River is utilized, and the radiation protection standards 
set by the NCRP and ICRP are applied at the point of use rather than at the 
point of discharge. 


All air that has a possibility of becoming contaminated by gaseous waste 
materials is exhausted to the atmosphere from several tall stacks for dis- 
persal after considerable treatment by means of filters, scrubbers, and 
precipitators. 


Environmental Monitoring 


The release of waste materials to the environment places certain responsibili- 
ties upon the releasing agency. These responsibilities include safeguarding 
the health and well-being of its employees; protection of the public health 
in both the immediate and long-term aspects; and protecting the releasing 
agency with regard to legal implications associated with waste releases. In 
order to fulfill these responsibilities, the. Laboratory must necessarily con- 
trol and evaluate its waste releases. The ORNL Health Physics Division per- 
forms this duty by evaluating, for purposes of control within prescribed 
limits, the concentration of radioactive wastes released by the Laboratory. 
Evaluation is accomplished by monitoring waste releases to the surrounding 
area to prevent hazardous conditions that might arise from accumulation or 
reconcentrations of radioactive materials. Several systems are employed to 
moniter for airborne contamination and water contamination. 











708 RADIATION PROTECTION CRITERIA AND STANDARDS 


Monitoring for Airborne Contemination 


Atmospheric contamination and fall-out in the general environment are monitored 
by three systems of monitors as follows: (1) the local air monitoring system 
which consists of 10 stations monitoring the general atmosphere at the Lab- 
oratory site to determine the general level of air contamination to maintain a 
constant check on the integrity of the treatment and clean-up devices, to deter- 
mine the source of particular contamination problems, and to monitor accidental 
releases of radioactive materials to provide for emergency action for the 
protection of Laboratory employees and near population center; (2) the perimeter 
air monitoring system which consists of seven stations encircling the Laboratory 
site at distances of from two to seven miles t6 determine the levels of air con- 
tamination in the neighborhood of the Laboratory and evaluate the impact of the 
Laboratory operations on the immediate environment; (3) the remote air monitor- 
ing system which consists of eight stations encircling the Laboratory at 
distances of from 12 to 120 miles to determine background air contamination 
levels as an aid in evaluating local conditions and to assist in determining 

the spread or dispersal of contamination should a major air contamination 
incident occur. 


Three types of samples are collected at the monitoring stations and processed 
routinely on a weekly basis for gross beta activity. More frequent sampling 
and more detailed sample analysis are carried out where significant levels of 
contamination with respect to maximum permissible values are encountered. 
Samples are collected by passing air continuously through highly efficient 
filter paper to evaluate air contamination levels, fallout samples are collect- 
ed by means of gum paper collectors or fallout trays located at each station; 
and rainwater samples are collected to determine additional fallout in the 
form of “rain out". 


Each type of sample yields slightly different information relative to the 
nature of the airborne contamination. Since the filter sampling equipment is 
located inside louvered enclosures, the heavier radioactive particles settle 
to the ground without being collected on the filter. Thus, filter samples 
will contain only radioactivity which might be considered breathable in nature. 
The fallout trays collect the heavier particles as well as the light particles 
and present the total fallout picture. Rainwater samples contain both fall- 
out and “rain out" and give information on the soluble and insoluble fractions 
of the radioactive contamination. 


At the local stations the radioactivity collected on the filter is contin- 
uously monitored by means of a Geiger-Muller tube and logarithmic rate meter, 
the results being recorded on a chart recorder. In addition, the counting 
rates are telemetered via telephone lines to the environmental monitoring 
control laboratory where they are recorded by a multipoint recorder coupled 
to an alarm device which will sound an alarm when counting rates rise above 
a predetermined level at any of the local stations. 


When radioactive contamination reaches a point of significance relative to 
maximum permissible levels, investigations are made as to the source of the 
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contamination and remedial actions are taken immediately. An example of the 


action taken would be shutdown of the process producing the contamination and 
correction or additions to the gaseous waste clean-up system. 


Data from the various types of samples are accumulated and tabulated in the 
following form: (1) for filter samples, date are tabulated in average pe/ee 
of air sampled and particles per 1000 ft3 gf air sampled; (2) fox gum paper 
fallout trays, data are tabulated in yc/ft* and particles per 3; (3) for 

rainwater, data are tabulated in average pc/ce of rainfall collected. Where 


applicable, data are compared to establish maximum permissible concentrations 
and with previous averages or norms. 


Liquid Waste Monitoring for Water Contamination 


The large volume, low-level liquid wastes originating at Oak Ridge National 
Laboratory are dispersed, after some preliminary treatment, into the Tennessee 
River system by way of White Oak Creek and the Clinch River. Releases are 
controlled so that resulting average concentration in the Clinch River is less 
than the maximum permissible levels recommended by the National Committee on 
Radiation Protection. The amount of radioactivity leaving White Oak Creek is 
measured and concentration values in the Clinch River are calculated on the 
basis of the dilution provided by the river. 


Liquid wastes leaving the Laboratory are sampled continuously at a number of 
locations. Daily samples are taken where the effluent leaves the Laboratory, 
at a point where wastes enter the public waterway, and at the nearest popula- 
tion center downstream from the Laboratory. Stream gauging operations are 
carried on continuously by the USGS in order to obtain the dilu ion factors 
for evaluating the concentration of wastes in the river. 


Samples are analyzed for gross beta activity and aliquots of the daily samples 
are composited into weekly and monthly samples for more detailed analysis. 
Weekly composites are analyzed for the transuranic alpha emitters, and the 
monthly composites are analyzed for long-lived fission products. The con- 
cer.tration of radioactivity in the Clinch River, where water becomes avail- 
able for public use, is obtained by multiplying the specific concentration 
found in White Oak Creek by a dilution factor obtained from the ratio of 

White Oak Creek flow to the Clinch River flow at the point of entry of the 
wastes. The calculated concentration thus obtained in the Clinch River 
assumes uniform mixing of the two streams. 


The fraction of the total beta activity comprised by each isotope is deter- 
mined from the analysis of long-lived radionuclides contained in the 
Laboratory effluent, and a weighted average MPC value for the mixture of 
radionuclides is calculated as recommended by the National Committee on 
Radiation Protection. The average concentrations of radioactivity in the 
Clinch River are compared to these calculated MPC values. 


Samples of the water from the river at the Oak Ridge Gaseous Diffusion Plant 
and at Kingston, Tennessee, the nearest population center downstream, have 
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indicated detectable amounts of fission products, but levels are well below 
those recommended by the NCRP for continuous drinking. 


Routine surveys of the Clinch and Tennessee Rivers are conducted to determine 
the extent of dispersion of radioactive material in river sediment, the levels 
of radiation encountered, and the consequent hazards to humans. Periodic 
measurements are required to predict the rate of build-up and, consequently, 
to determine the effectiveness of the liquid waste management program. Also, 
information is obtained relative to the effect on future industry if the 
radioactive content of bottom sediment in the Tennessee River system is 
increased. 


Gamma radiation measurements are made on the bottom sediments. These measure- 
ments are corrected for background and plotted vs. river mile for the Clinch 
and Tennessee Rivers. Sediment samples are radiochemically analyzed for the 
long-lived radioactive isotopes present. 


From time to time, fish from the public waterway are obtained and analyzed for 
radioactivity. No significant levels of activity have been detected in these 
fish. 


Aerial Background Survey 


The possibility that large ground areas may become contaminated with radio- 
activity resulting from accidents in radioisotope production industries or 
reactor projects emphasizes the need for a rapid method for surveying large 
ground areas. Preliminary experiments were conducted at ORNL in 1951 to test 
the practicability of using light aircraft and commercially available 
radiation-detection equipment for this purpose. The recent incident at 
Windscale served to re-emphasize this need. 


In order to evaluate the degree of contamination in a general area, previous 
aerial background data must be available. For several years members of the 
Health Physics Division of ORNL have been conducting periodic aerial back- 
ground surveys as @ routine part of the environmental monitoring program. 
Using light aircraft and a suitable scintillation detector, aerial survey 
flights are made in the vicinity of the Laboratory with several flight 
passes being made over the Laboratory site. The purpose of these flights 

is threefold: (1) to provide a means of evaluating instrumentation for 
aerial survey purposes; (2) to determine the radiation profile of background 
over the Laboratory and for several miles on each side of the Laboratory in 
the direction of the prevailing winds; and (3) to provide an opportunity to 
evaluate aerial survey procedures and train personnel in effective aerial 
survey methods. 


For routine background surveys, flights are normally made at an indicated 
altitude of 500 ft above the ground surface. At this altitude it is possible 
to detect 1231 contamination on the ground at a concentration of 1 yc/m@. 
This concentration was selected as an action point by the British following 
the Windscale accident. 
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Environemntal Data Experience 


Data on the environmental levels of radioactivity in the Oak Ridge and surround- 
ing area are presented in the following tables. 


Average air contamination in the Laboratory area for 1959 was 0.4% of the max- 
imum permissible concentration for occupational exposure. Air contamination 
levels in the immediate and remote environs were 1.6% and 2.0%, respectively, 


of the maximum permissible concentration for populations in the neighborhood 
of a controlled area. 


The average concentration of radioactivity in the Clinch River for 1959 was 
3.1 x 10°! ue/ee. This level was 25.8% of the weighted average maximum 


permissible concentration for drinking water in the neighborhood’ of a con- 
trolled area. 
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Year 


1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 


Year 


1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
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Air Activity Measured by Continuous Air Monitors 
Units of 10723 pe/ec 


Local Area 
Max. Average 
2100.0 210.0 
2040.0 180.0 
1050.0 170.0 

782.3 29.0 
4407.3 | 46.4 
203,183.5 478.4 
2968.6 49.4 
804.7 27.9 
5607.0 82.3 
123.0 25.2 
678.0 38.3 


Particle Concentration Measured by Continuous Air Monitors 
Particles Per 1000 cu.ft. 


Local Area 
Max. Average 
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Table 1 


Perimeter Area Remote Area 
Max, Average Max. Average 
29.8 7.0 43.1 10.2 

229.7 14.8 47.3 9.0 
35.5 14.6 36.4 15.2 
81.3 15.7 100.5 20.3 

Table 2 


Perimeter Area Remote Area 
Max. Average Max. Average 

3 0.4 
29.2 1.0 
8.4 0.7 6.5 0.8 
16.3 2.0 15.8 1.9 
5.2 iS 5.2 1.7 
10.3 aed 8.0 1.4 
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5 

; Table 3 

; Calculated Values of Ratioactive Contamination Discharged to Streams 

3 

i Probable Avg. Transuranic Transuranic 

% White Oak Concentration Concentration Concentration 

4 Settling Basin Creek in Clinch Settling White Oak 

z Beta Curies Beta Curies River - Units Basin - Units Creek - Units 

2 Discharged Discharged - of 10-7 wc/ce of 10-7 pefee of 10-9 yc/ec 

$ Wkly. Wkly. ‘ Wkly. Wkly. 

4 Year Avg. Max. Avg. Max. Avg. Max. Avg. Max. Avg. Max. 

r 1948 17.3 3.1 9:5 1 SRD 8.1 

y 1949 19.7 5.1 133.8 65.5 2.2 10.4 

; 1950 3.3 21.1 3.7 16.8 0.5 1.7 1.3 10.0 3.4 12.8 

2 1951 %,3 20.0 2.0 6.8 0.3 <7 1.1 6.3 4.7 42.1 

' 1952 7.5 35.6 4.1 16.9 0.6 2.5 1.5 10.1 4,2 19.0 

= 1953 5.6 34.8 5.8 27.5 0.9 6.3 1.5 19.7 8.5 112.4 

5 1954 4.5 41.8 7.4 31.0 Py 9.4 2.0 22.5 6.9 37.0 

* 1955 4,1 16.6 8.4 53.6 139 12.7 2.5 36.1 18.6 173.3 

1956 4.9 23.3 .% 66.4 1.5 9.3 1.9 12.6 27.8 151.2 
1957 3.6 13.3 7.6 22.4 0.9 3.0 1.0 3.7 12.2 35.5 

é 1958 1.8 4.4 10.5 80.0 1.4 8.9 2.5 1.8 16.6 34.2 

1959 3.5 60.5 18.0 161.6 3.1 36.4 8.2 234.9 90.5 1694.5 
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COSTS OF RADIATION PROTECTION AT ORNL 


The total noncapital expense incurred in radiation protection for FY 1960 is 
estimated to be $922,000 exclusive of research health physics activities. 
This represents 1.5% of the total Oak Ridge National Laboratory operating cost 
of $60,281,000. The annual cost of radiation protection per employee (4215 
employees as of March 31, 1960) is $218.74. It is estimated that 600 to 700 
people in the Laboratory require essentially no radiation protection since 
they do not work with radioactivity. If all of the costs of radiation 
protection are assigned to those employees who require something more than 
the minimum radiation protection, the yearly cost per employee is approx- 
imately $260. Of the 4215 people on the payroll, 82, or 1.95%, are engaged 
in the various functions designated as radiation protection. 
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‘ elimination of the use of the experiment facilities in the pool and reactor 





THE EFFECT OF CHANGES IN MAXIMUM PERMISSIBLE 
EXPOSURE LIMITS ON ORNL OPERATING COSTS 


Personnel Monitoring 


A reduction in permissible levels for external and internal radiation exposures 
would increase the cost of personnel radiation exposure control significantly. 
It is estimated that the over-all costs would be increased three-fold and fiive- 


fold, respectively, for reductions in the permissible exposure levels by factors 
of five and ten. . 


In addition, the present over-all accuracy in exposure measurement of 10% would 
become not better than 50% if the levels were reduced to 1/10 of the present 
ones. In some cases the available techniques for monitoring have a lower limit 
of reliability for measurement which is 5 to 20% of the present permissible 
levels, and new instrumentation would be required to monitor lower levels. This 
is particularly true in the case of internally deposited radionuclides and 
external exposure to neutrons. 


Radioactive Waste Disposal ° 


If the limits of radioactivity dischargeable to the environment were reduced 
by a factor of 10, additional capital facilities costing approximately $1,500,000 
would be required for decontamination and containment of liquid effluents. 


In the case of gaseous effluents, no additional capital facilities or changes 
in operating procedures, manpower, or costs would be required since the activity 
in these streams is currently less than 3% of existing regulatory limits. 


Reactor rations 


Reduction in the radiation exposure tolerances would require expenditures of 
considerable money and reactor down time. The reactors have been designed 
and built for one set of tolerances and if more restrictive tolerances are 
adopted a great many changes in facilities and in operating procedures would 
be required. It is estimated that decreasing exposure limits five-fold would 
require an expenditure of $75,000 in order to maintain acceptable exposures 
in ORNL reactor operations. A ten-fold reduction in limits would necessitate 
an expenditure of $270,000. 


Other effects of decreasing tolerances in the ORR would include almost complete 
tank in the manner they are presently being used. Also it would ‘be impossible 
to drain the pool water to the top of the tank to perform maintenance work 


requiring more than a few minutes unless a year's exposure was given at one 
time. 
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Chemical Process rations 


Chemical processing pilot plants at ORNL are designed primarily for remote 
operation and direct contact maintenance after decontamination. It is 
probably not possible in a plant designed for direct contact maintenance to 
decrease the permissible radiation dose below an average of approximately 
30 mr/week. Complete decontamination is an ideal that is rarely achieved. 
By use of the most effective decontaminating reagents and techniques 
currently available, the contact radiation level of existing equipment in 


the ae 3019 Chemical Processing Pilot Plant can be reduced to about 
100 mr/hr. 


A contact maintenance processing plant would not be practical if permissible 
radiation limits were materially reduced. A reduction in quarterly allovw- 
able exposures would be less harmful than a reduction in weekly exposures 
because maintenance procedures are performed on an erratic rather than on a 
continuous basis. ORNL's position in this matter is eased somewhat by its 
ability to utilize a large number of craftsmen who normally receive no 
radiation exposure. Improvements in decontaminability can no doubt be design- 
ed into a new plant for a nominal cost; in the existing ORNL facilities, the 
changes might cost $100,000 to $200,000. 


It is estimated that reduction in allowable radiation exposure to less than 
1.5 r/year would be prohibitive for a chemical processing plant using con- 
tact maintenance. Reduction of allowable exposure to this figure probably 
would increase plant construction cost by 20% and labor cost by 50%. 


Analytical Chemistry Operations 


High activity level analytical samples are currently handled in hot cave 
facilities. Small sample aliquots are remotely prepared and after sufficient 
dilution are withdrawn from the hot caves for direct analysis. Analyses 
which cannot be made on diluted aliquots are remotely performed in the hot 
caves. Personnel exposures are very low in periods of normal operations. 
When equipment is changed or maintained, exposures are kept within present 
tolerances. In new facilities under design, it is planned to mechanize 

for remote maintenance as well as remote operation. 


A decrease in allowable exposure by a factor of ten would increase costs by 
about 20% with existing facilities but would not have significant cost effect 
after the new facilities are installed. 











APPENDIX I 


RADIATION HAZARD AND EXPOSURE CONTROL 


Policy 


It is the policy of the Oak Ridge National Laboratory to maintain a program of 
continuous effort to reduce the spread.of radioactive contamination by confin- 
ing it to the smallest spaces possible and to establish zoned areas when the 
radiation dose rate or radioactive contamination level is such as to neces- 
sitate special controls. 


Definitions 


Radiation Zone. An area where control measures are established to prevent 
external radiation exposure to personnel. 


b. Contamination Zone. An area where control measures are established to pre- 
vent the contamination of employees, the environs, and/or equipment and 
where there is the possibility that radioactive material may become depos- 
ited inside the body leading to internal radiation exposure. 

c. Regulated Zone. An area where operations are restricted for the purpose 
of radioactive contamination control. This zone may contain Radiation 
Zones, Contamination Zones, or both, ranging in size from a small spot to 
@ large area. 

a. Zone Control Signs. Standard signs used for the purpose of identifying 
zone boundaries. 

e. Contamination Zone Clothing and Equipment. Wearing apparel and equipment 
provided by the Laboratory for use in a Contamination Zone. 

f. Zone Portal. A designated point on the boundary of a4 zone through which 
entrance to and exit from the zone should be made. 

g@- Contamination Zone Change Facility. A contamination clothing change facil- 
ity located within a Regulated Zone and/or adjacent to a Contamination Zone 
Portal. ‘ 

h. Contamination Zone Vehicle. A vehicle distinctly marked with a Contamina- 
tion Zone designation and assigned for use within a Contamination Zone or 
between Contamination Zones. 

Limitations 


Regulations in this procedure may be suspended in accordance with Laboratory 
Emergency Procedures. 
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k RADIATION HAZARD AND EXPOSURE CONTROL 


Responsibilities 
a. It is the responsibility of supervision: 


1. To see that all areas are surveyed by Health Physics as required and 
properly zoned as specified in this procedure. 


2. To establish appropriate physical boundaries and necessary portals 
j for. zoned areas as specified by Health Physics, 


3. To assist Health Physics in the posting of appropriate zone signs 
with up-to-date instructions pertaining to entry, occupancy, and 
departure. 


4. To provide a suitable Contamination Zone Change Facility for Contam- 


ination Zone personnel with provisions for storage of personal effects 
where applicable. 


5. To provide for a supply of required Contamination Zone Clothing and 
Equipment for Contamination Zone use. 


6. To provide for necessary monitoring equipment at each Contamination 
: Zone portal. 


7. To establish lunching facilities as required and in accordance with 
regulations specified by Health Physics. 


8. To familiarize personnel with the provisions of this procedure and 
to enforce the regulations governing zoned areas. 


; b. It is the responsibility of the Health Physics Division to provide 
\ adequate Health Physics services such as personnel monitoring, building 
and area surveys, exposure and survey records, consultation, and other 


assistance as required for the prevention of radiation exposures and 
for the administration of this procedure. 


c. It is the responsibility of all employees to abide by the provisions of 


this procedure and to cooperate in minimizing unnecessary exposure to 
ionizing radiation. 


Regulations 


a. Each zoned area shall be defined and clearly marked with appropriate 
signs. 


b. Information concerning the specific regulations governing a particular 
zone shall be posted at the zone portal(s). 


54561 O—60——-47 
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RADIATION HAZARD AND EXPOSURE CONTROL 


Regulations (continued ) 


Cc. 


Only those persons authorized by supervision will be permitted to enter 
the zoned areas. 


Regulated Zones may be established in any area where operational proce- 
dures are such as to necessitate the simultaneous occupancy, or use, of 
Contamination Zone and Noncontamination Zone Personnel and/or equipment. 
The Regulated Zone is accessible to all authorized personnel with restric- 
tions only upon personnel and equipment entering from Contamination Zones 
as discussed in paragraph h below. 


4 
Radiation Zones shall be established when it becomes evident that person- 
nel within an area are subject to significant dose rates of external 
ionizing radiation. Table A may be used as a guide for specific action 
taken. 


Persons entering Radiation Zones will be provided with special instrumenta- 
tion and Health Physics surveillance as required. Table C will be used as 
& guide in the administration of this regulation. 


Contamination Zones shall be established when it becomes evident that the 
personnel, equipment, and/or the environs are subject to becoming signif- 
icantly contaminated with radioactive materials. Table B will be used 
as a guide in the establishment of Contamination Zones. If the specific 
contaminants are known, the values listed in Table B may be adjusted by 
Health Physics in accordance with established practices. 


Entrance to, and exit from, Contamination Zones will be made through 
specified portals. Contamination Zone personnel and/or equipment are 
authorized to leave a Contamination Zone only when they are proven free 
of transferable contamination by approved monitoring techniques. 


Contamination Zone clothing and/or equipment will not be used outside of 
a Contamination Zone or a Regulated Zone except when the individual is an 
occupant of a Contamination Zone Vehicle following a prescribed route. 


Contamination Zone Vehicles, in commuting between Contamination Zones, 
will follow designated approved routes. 


No lunchroom or lunching facility will be established within a Contamina- 
tion Zone. 


Eating, smoking, and drinking is prohibited in Contamination Zones except 
drinking from approved water fountains. 


When, in the absence of Health Physics surveillance, it is deemed neces- 
sary by operating supervision to proceed with entry into a zoned area 
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RADIATION HAZARD AND EXPOSURE CONTROL 


Regulations (continued ) 


where Health Physics surveillance is required, the office of the Health 
Physics Division Director will be notified of the action taken. 


n. Trainees, personnel on loan to the.Laboratory, and visitors are subject 


to the provisions of these regulations in the same manner as Laboratory 
employees. 
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Table A. Procedure for Posting and Establishing Radiation Zones 
No. Dose Rate Range Immediate Action Follow-up Action 
1 3 mrem/hr - 6 Post low level tags if the 
mrem/hr accumulated daily dose to periodic review 
personnel may be 20 nirem. 
2 6 mrem/hr - 1 Post warning signs or Rope off the area if 
rem/hr tags the accumulated weekly 


dose may be 1 rem. 


Post warning signs or Erect a barricade which 
tags. Rope off. provides absolute phys- 
ical exclusion if the 


weekly dose in the area 
Post warning signs, tag, may be 12 rem. Lock 
4 Over 3 rem/hr and erect a temporary or block entrance. 





barricade. Lock and/or 
block all entries. 





Table B. Contamination Levels to be Used as a Guide in 
the Establishment of Contamination Zones 















Type of 
Radiation 


Airborne 
Contamination 


Transferable Surface 
Contamination 








Direct Reading 
Surface Contam- 
ination 








>5x iol 
uc/ce air 










2 


> 300 a/m/100 cm@ > 30 d/m/100 om 






Pi s 10°8 
pe/cec air 





> 0.25 mrad/hr > 1000 a/m/100 em@ 





Note: The above levels are maximum values and are derived primarily to serve as 
a guide where the contamination involves a small area wuch as a@ room or 
cell. When the contamination is extensive and involves radionuclides such 
as Pu-39 or some other long-lived a emitter of comparable toxicity, the 
alpha levels permitted should average no more than 1/10 of the above values. 
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Table C. Requirements for Ent into a Radiation Zone 





Health 


Physics Laboratory 
Surveillance Deputy 


|_ Required __| uired Director 





lin the radiation level 0.003 - 5 rem/hr, the requirements specified in Columns II 
and III may be ignored if the anticipated exposure time is such as to result in 
an accumulated weekly dose of less than 0.1 rem. 














APPENDIX C 


APPLICATION OF RADIATION PROTECTION STANDARDS AT 
THE PORTSMOUTH PLANT 


Prepared by 


Goodyear Atomic Corporation 
Portsmouth, Ohio 


INTRODUCTION 


The information assembled in this report is supplied at 
the request of the Atomic Energy Commission for whatever aid it 
provides in preparation tor investigative hearings on the subject 
of "Radiation Protection Criteria and Standards: Their Basis and 
Use."" The information is presented against the framework of ex- 
perience and competence gained by Goodyear Atomic Corporation in 
operating the gaseous diffusion plant, located at Portsmouth, 
Ohio. The basic functions of this plant are twofold: (1) the 
chemical processing of uranium tetrafluoride to uranium hexa- 
fluoride and (2) the processing of uranium hexafluoride by the 
gaseous diffusion process to enrich this material in uranium-235. 
Approximately 2,200 people are employed in these functions and 
supporting operations which include large maintenance shops and 
development laboratories, as well as conventional activities such 
as utilities services, finance, procurement and administration. 


The radiation encountered at the plant with its present 
functions is almost exclusively that associated with uranium and, 
in turn, its daughter products. Natural uranium decays relatively 
slowly with the emission of alpha particles; thus, alpha radiation 
is the principal factor of general concern. The daughter pro- 
ducts, however, undergo further decay with the emission of beta 
and gamma radiation. In general, the concentration of daughter 
products is so low that beta and gamma radiation is not an over- 
all plant problem. It becomes of significance only in those 
operations where the daughter products are concentrated by virtue 
of the operation itself. This occurs, for example, in the non- 
volatile residues associated with the conversion of uranium tetra- 
fluoride to uranium hexafluoride. Since alpha particles possess 
extremely low penetrating power they present no external radiation 
hazard. Thus, the primary matter for health physics attention is 
the control of loose and airborne uranium compounds which might be 
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inhaled or ingested with the resulting internal alpha radiation. 
In summary, the health physics approach at Goodyear Atomic Cor- 
poration is based on radiation problems associated only with the 
handling of uranium and its daughter products where the radiation 
from such operations can be significantly concentrated. 


HEALTH PHYSICS AT GOODYEAR ATOMIC CORPORATION 
PHILOSOPHY 


The Goodyear Atomic Corporation's approach to health 
physics is based on the objective of holding the radiation exposure 
of all personnel at a minimum consistent with operating costs and 
efficiencies. Standards of the National Committee on Radiation 
Protection are accepted as maxima but in no sense as relief 
against reasonable efforts to maintain exposures as low as practi- 
cal. The program recognizes that since radiation cannot be detec~- 
ted by any of man's physical senses, a serious responsibility rests 
with management to provide qualified personnel, instrumentation, 
and procedures that offer maximum assurance that radiation exposure 
potential is known and controlled. This responsibility extends to 
the area surrounding the plant to ensure that plant operations are 
not a source of significant contamination to the population and 
natural features of the surroundings. 


The health physics essentials include emphasis on the 
conviction that the most effective tool in a radiation control 
program is a work force that is correctly informed of the elements 
of radiation and its hazards, as well as the objectives and pro- 
cedures of the health physics program. This perspective justifies 
positive efforts in education and training, and is a principal 


factor in achieving the cleanliness and housekeeping practices that 
minimize airborne activity. 


Three spheres of activity summarize the health physics 
principles at Goodyear Atomic Corporation. These are: 


PREVENTIVE 


Equipment design 

Operating procedures 
Protective equipment 
Informed work force 
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ASSURANCE 


Monitoring, of personnel exposures 
Monitoring of environment 


CORRECTIVE 


Corrective treatment of equipment and areas excessively 
contaminated. 


Restriction of work assignments 


PROGRAM 


The primary preventive measure of radiation control is 
based on containment of the active material. Since alpha radiation 
and particularly its airborne aspect is the general problem, the 
containment approach is particularly effective. Every effort is 
made in the design of equipment to provide this feature which is 
also consistent with economic motives surrounding the operations. 
Material, of course, at sometimes mist be removed from equipment 
prior to maintenance or for storage, disposal, or transfer from one 
production process to another. In such cases, operating procedures 
are carefully studied and devised, again with the objective of 
containing or restricting the spread of airborne activity. The 
health physics group is active continually in matters of equipment 
design and operating procedures to ensure that their interests are 
observed. As a result of routine surveys or special situations, 


this group may recommend changes in operating procedures or other 
controls. 


The success of the containment approach is constantly 
monitored by instruments, both fixed and portable, that measure 
levels of airborne activity as well as penetrating radiation. 
These measurements are supported by frequent and regular surveys 
by health physics personnel in which the surface contamination of 
working areas and equipment is measured. Planx limits are set and 
observed on such surface contamination, further forestalling 
significant inhalation or ingestion hazards. In all operations 
where significant airborne activity is unavoidable, operating 
procedures require the use of protective equipment such as masks 
or respirators, 








on 


d 





x 
¢ 
¢ 
6 
§ 
‘ 
€ 


PA TPE eH 8 


RADIATION PROTECTION CRITERIA AND STANDARDS 727 


Constant attention is given to the training and education 
of operating personnel, giving a clear picture of radiation hazard 
and control measures associated with their assignments. Their 
understanding and cooperation is an essential part of the contain- 
ment concept which demands respect and care in the handling of 
loose materials which can produce airborne activity. 


In addition to the comprehensive program designed to 
measure and control the radiation environment, further checks of 
personnel working in areas of possible exposure are made on a regu- 
lar basis. This program consists of issuing film badges, which are 
worn constantly by these personnel, and reading them every four 
weeks to determine the amount of exposure to penetrating radiation. 
In order to evaluate inhaled or ingested activity, personnel subject 
to this potential hazard are placed on a program of regular urinalysis, 
the frequency of which is determined by the extent of potential ex- 
posure. These programs are designed to anticipate significant ex- 
posures. For example, although standards are based on exposure dur- 
ing a thirteen-week interval, the film badges, as noted above, are 
processed on a four-week schedule. This is done so that trends 
can be noted and controlled before the standard interval would 
elapse and thus potential over-exposures can be averted. A similar 
approach is used in urinalysis. 


When levels of exposure, as determined by the personal 
measurements, are seen to approach the allowable plant limits . 
(with due regard to uncertainties in measurement and safety fac- 
tors) action is taken to restrict the work activity of the indi- 
vidual so that additional exposure is minimized. As indicated in 
Table I these cases are rare. 


Regular measurements are made in the areas surrounding 
the plant boundaries. These include monitoring of air, water, 
and soil. No evidence has been seen that the plant activities 
make significant additions to background radiation (Figure 1). 











Table I 
DIGEST OF HEALTH PHYSICS PROGRAM — 1959 


ENVIRONMENTAL 


On Plantsite — In Buildings 
Continuous air samples — total 11, 649 
Average alpha activity (D/min./ cu. ft.) 0.766 
Number exceeding NBS 69 limits without protective devices 483* 


On Plantsite — Outside Buildings 


Air samples for alpha activity 1, 229 
Average alpha activity (D/min./cu. ft.) 0. 053 
Number exceeding NBS 69 limits without protective devices 0 


Off Plantsite (5-Mile Radius) 


Air samples, alpha 187 
Background samples, beta-gamma 384 
Water and soil samples checked for radiation 94 
Number exceeding NBS 69 limits 1t 


PERSONAL 


Penetrating Radiation via Film Badge (Annual Total) 


Exposure (beta + gamma) Number of Employees 
0 - 0.99 rem. 900 
1 - 1.99 rem. 38 

2 - 2.99 rem. 

3 - 3.99 rem. 

4- 4.99 rem. 

5 - 5.99 rem. 

9.65 rem. 


Total number of employees monitored 952 , 
(No exposure exceeded the NCRP limit of 3 rem. in 13 consecutive weeks) 


Uranium Uptake via Urinalysis 


he ae 


Number of employees checked 1,312 
Number of analyses 3,995 
Number of work restrictions due to urinary results / 8 


*These readings are associated with two areas where operations cause localized high 
levels and where maximum protective measures are employed in the form of respirators, 
masks, and protective clothing. In all cases the protection was in compliance with the 
requirements of 10 CFR Part 20. 


'This was an air sample for which no explanation for the high reading was found. 
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Results of the monitoring programs, described briefly 
above, are summarized in Table I and Figures 2 and 3, In general, 
it can be seen that radiation exposures of working personnel at 
Goodyear Atomic Corporation are substantially below the permissible 
levels established by accepted standards and indicate that the 
health physics effort is adequate in maintaining that situation. 
This is felt to be the result of an alert and aggressive program, 
the costs of which are later summarized. 


DISCUSSION OF STANDARDS AND THEIR RELATION TO OPERATION 


It is our opinion that standards which limit the exposure 
of personnel to radiation hazards are a necessary part of a nuclear 
industry if it is to be developed safely and well. Other hazards 
of the working employee have long been recognized, and there have 
been developed protective devices in the form of codes and under- 
writers' approvals as well as accepted techniques for comparing 
safety performance among plants and industries. These measures 
all bring considerable pressure that provides for the safety of 
working individuals against hazards other than radiation. It is 
further true that the results of inadequate safety programs in 
the non-radiation areas are more readily discernible and deal in 
forces that are familiar to the layman. The subtle and delayed 
damage that results from radiation does not provide the means for 
assessment by techniques that are used in other safety considera- 
tions. It would seem that the industry needs a set of standards 
to guide and against which to measure its radiation safety efforts. 
The interests of worker, management, and by-stander alike are served 
best by a uniform approach to this problem which considers the con- 
cern of all and reduces localized controversy. 


In the basic terms of exposure of the individual, these 
standards, in so far as possible, should be uniform. Within a 
rigid framework there is need for some flexibility to allow for 
differences in local situations such as environment, type and 
magnitude of operations, and special conditions. In that part of 
standards that might deal with requirements for posted areas, 
alarms, etc., it would be desirable to maintain certain degrees of 
flexibility. For example, the plant that has an activity involving 
radiation in a variety of other manufacturing operations, has prob- 
lems somewhat different from the plant whose prime function is the 
handling of radioactive materials and thus constitutes a single 


problem for plantwide training and control. 
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ALPHA ACTIVITY 


IN URINE 0/M/100mi 


95% Limit oF 
Error is 
12.50/min/i00mi 





Jan Fee Mar Area May Jun Jur Ave Seer Ocr Nov Dec 
1959 
FIGURE 2 


URANIUM 


IN URINE mg/Liter 
0.10 


95% Limit oF 
Error is 
20.005 mg/! 





Jan Fee Mar Apr May Jun Jur Ave Serr Oct Nov Dec 
1959 
FIGURE 3 
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The limits used at Goodyear Atomic Corporation for 
personnel radiation exposure are as prescribed by the Atomic Energy 
Commission in Manual Chapter 0524, which are those recommended by 
the National Committee on Radiation Protection and summarized in the 
National Bureau of Standards Handbooks 59 and 69. Another standard 
in common use in the United States is covered in 10 CFR Part 20. 
Although the standards are similar and have essentially the same 
numerical limits, there are some differences in interpretation and 
extent. These differences undoubtedly arise through the need of 
the government to present more explicit requirements to the licensee 
which is not under its direct control. The existence of the two 


standards, however, creates some confusion among the public and 
labor organizations. 


The film badge is the most widely used device to measure 
the exposure to penetrating radiation and the reading of results 
is straightforward. However, it is recognized that film readings 
have inherent inaccuracies, especially at low and extremely high 
exposures, due to the effects of heat, humidity, densitometer 
calibrations, batch differences of films, and the orientation of 
the individual with respect to the source of radiation. With the 
notable exception of orientation, most, if not all, uncertainties 
in readings tend to lead to interpretation of exposures in a con- 
servative direction; i.e., higher than actual exposures. 


In dealing with the major radiation problem at this plant, 
that of airborne uranium materials, the National Committee on 
Radiation Protection concept of maximum permissible airborne con- 
centrations and body burden are the control guides. Direct measure- 
ment of the airborne activity and estimated body burden of uranium 
by means of urinary analyses are the keystones in this protection 
program. In addition, measurements are carried out regularly on 
equipment and working surfaces for contamination in an effort to 
control airborne contamination at its source. The plant limits 
and action points as a result of these measurements are derived ac- 
cording to local interpretation and their effectiveness in fore- 
stalling excessive body uptake has been amply demonstrated. 


In general, direct determinations can be made of the 
penetrating exposure and concentration levels for effluents. 
Specific limits are given for the maximum permissible body burden 
of uranium but bio-assay methods and control limits are left for 
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local derivation. The most practical method, to date, for making 
this determination is by urinary analysis. Assumptions mst be 
made as to the mode of entry, body path, chemical form, organ size 
and metabolism of the body. It is evident that all factors are 
neither uniform nor completely known. As limits tend to become 
more stringent, the relative magnitude of such uncertainties in- 
creases and problems of interpretation and comparison against con- 
trol limits are magnified. 


Under the existing criteria and standards, in the case 
of penetrating radiation, it is unlikely that an overexposure 
would be undetected if an integrating device such as a film badge 
is utilized. In the case of internal exposure, limits may be ex- 
ceeded without detection. It is recognized that regardless of the 
number of air monitors that may be used, and the care with which 
they are placed with respect to the operations, the results are 
not positive assurance that an individual has not inhaled exces- 
sive uranium as a4 result of localized conditions at his particular 
work station. To obtain further assurance on this point, the 
urinalysis program described earlier is carried out and comparison 
is made of the uranium concentration and alpha activity. Even the 
combination of airborne data and urinalyses does not présent posi- 
tive assurance that an individual's internal exposure has not ex- 
ceeded the accepted limits. 


Due to the practicality and economics of a urine sampling 
program, the interval between an unusual exposure and urinalysis 
can be appreciable in relation to the effective biological half-life 
and to that extent the results of the urinalysis in terms of actual 
exposure are uncertain. The recognition of these factors causes 
one to take them into account, as far as possible, in the design 
of the sampling program. Special analyses are made if there is 
any reason to. suspect unusual exposure. In the case of a routine 
sample, a positive indication will place the individual onan 
acceferated sampling frequency. Also, by staggering the urine 
sampling times of the various members of a working group, the prob- 
ability of detecting any unusual exposure that the group might have 
encountered is increased. Such uncertainties as described, as well 
as others associated with instruments and analytical procedures, 
can be matters of considerable concern if results are showing an 
approach to the set limits. Even though a particuler installation 
may have a comfortable working margin between measured exposures 
and the plant limits, any tendency to lower exposure limits brings 


these uncertainties into focus with increased importance. 
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Environmental measurements in areas surrounding the plant- 
site become increasingly difficult to interpret with the lowering 
of associated limits. The background radiation level fror: causes 
other then plant operation can become an appreciable fraction of 
the prescribed limits. As this. happens, additional efforts and 
expense would be encountered in establishing the radiation incre- 


ment caused by plant operation. Background radiation measurements 
were shown in Figure 1. 


It has been pointed out we have no serious penetrating 
external radiation problems end that exposures to internal radia- 
tion resulting in work restriction are comparatively few using the 
present standards. Although our particular problem makes necessary 
the use of derived secondary limits such as uranium concentration 
in urine, the approach of the National Committee on Radiation Pro- 
tection to the standards: problem and their recommended limits ap- 
pear to be sound and workable in our situation. In our limited 
judgment, they represent careful concern for the well-being of the 
individual as well as the recognition that unnecessarily stringent 
radiation exposure limits can seriously hamper nuclear developments. 


Costs of an operating plant can be very sensitive to the 
requirements that are placed upon it for the control of radiation. 
This is true in the area of capital costs as well as operating 
costs. Thus, the fixing of standards for radiation control has a 
very significant effect on the economics of plants where such con- 
trols are necessary. In the design of an installation such as the 
Portsmouth Plant many costly features of containment and ventilation 
are included primarily to meet criteria of radiation safety. 
Changes of limits to more restrictive values will cause such costs 
for new plants and the modification of old plants to increase 
markedly as such limits are lowered. Such capital costs are likely 
to rise at a rate that is more nearly exponential than Linear. 
Operating costs are affected in similar fashion. The annual 
operating costs associated with the Portsmouth Plant for purposes 
of radiation control are presently estimated as follows: 


Salaries and Wages $ 48,000 
Instrument Maintenance 35,000 
Cleaning and Decontamination 60,000 
Analytical Services 36,000 


Medical and Hospital 40,000 


$219,000 
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APPLICATION OF RADIATION PROTECTION STANDARDS AT 
THE HANFORD PLANT 


Prepared by 


General Electric Company 
Richland, Washington 


THE APPLICATION OF OCCUPATIONAL 
RADIATION PROTECTION STANDARDS AT HANFORD 


Introduction 


The Hanford complex is operated by the General Electric 
Company as a prime contractor for the Atomic Energy Commission. 
The principal production activities involve the operation of 
several types of reactors and separation facilities, uranium and 
plutonium fuel preparation facilities and an integrated waste dis- 
posal program. Supporting research and development activities, 
including applied radiation protection functions, are also carried 
on. The remarks herein are intended to describe the over-all 
aspects of radiation protection standards and their application. 
As such, the statements include a brief historical review, a dis- 
cussion of basic philosophy in radiation protection, methods and 


reasoning behind application of NCRP recommendations, and a review 
of current practices. 


Early Standards 


Hanford originated as part of the Manhattan Engineering 
District in the early 1940's. This was at a time when the prin- 
cipal knowledge in radiation protection was with medical practi- 
tioners, along with isolated industrial users and college pro- 
fessors. It was at the time when the Advisory Committee on X-ray 
and Radium Protection (forerunner of the NCRP) had issued recom- 
mendations on radiation protection which were limited to the 
handling of radium and X-rays. 


Initially, those who were responsible for radiation pro- 
tection at Hanford, as elsewhere in the country, were dealing with 
a large number of unknowns. This was because, although there was 
considerable information about radium and its effects, and there 
were advisory committee recommendations for external exposure, and 
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internally deposited radium, there was but scanty information about 
the several hundreds of radionuclides which were to be produced 

in Hanford reactors and processed in separation plants. Also, 
there was a number of production problems concerning the isolation 
and control of these radionuclides which were unknown. Because of 
these unknowns, Hanford adopted a fundamental philosophical atti- 
tude which has remained unchanged - to keep personnel exposure as 
low as practicable. It also adopted and maintained a program of 
teaching and training employees concerning their radiological work- 
ing conditions and the means by which they could perform their work 
assignments safely. 


There was a number of "standard" radiation protection 
policies or practices initiated at the outset, which, although not 
strictly considered as such nor necessarily formally recorded and 
documented, have nevertheless been the core of the radiation pro- 
tection philosophy at Hanford and have essentially remained un- 
changed. These policies and practices, additional to those men- 
tioned above, are: 


a. Establish operational exposure controls with due re- 
gard for nationally recognized maximum values and 
the means to measure these values. 


Individually determine each worker's external ex- 
posure by means of a personally-assigned dosimeter(s). 


Compile periodic and detailed accumulations of radia- 
tion exposure history for personnel, work locations, 
and the environment. 


Actively develop and refine personnel dosimetry de- 
vices and operational measurement devices as well as 
improve administrative controls and techniques for 
the application of these devices. 


Perform all radiation work in accordance with written 
detailed procedures. 


Isolate and identify ionizing radiation by means of 
routine standard measurements and the use of 
standardized symbols and signs. 
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g- Periodically pertorm wwedical examinations of em- 
ployees. 


h. Pursue research and development studies. locally to 
meet specialized radiation protection needs. 


Many of these initial policies and practices in radiation 
protection were reduced to writing with the development of a series 
of Special Hazards Bulletins (SHB). These bulletins evolved in 
1946 when the General Electric Company became the prime contractor. 
By headings, the bulletins were: SHB 1 - Procedures for "Work in 
Danger Zones"; SHB 2 - Procedures on Suspected or Known Overexposure 
or Contamination; SHB 3 - Contaminated Waste Disposal; SHB 4 - 
Procedures for Injuries in a Product (Plutonium) Work Zone; SHB 5 - 
Procedure for Interarea and Off-plant Transfer of Special Process 
Materials; SHB 6 - Investigation and Reporting of Unsafe Practices 
or Incidents Arising from Special Hazards; SHB 7 - Procedure for 
Releasing Equipment from Areas Wherein Contamination is Possible; 
and SHB 8 - Procedure for Fire Fighting in Radiation Danger Zones. 


Although these bulletins had official sanction and were 
periodically reviewed and revised to utilize the increasing ex- 
perience and the results of local research and development in the 
radiological sciences, the urgency and immediacy implicit in the 
use of the terms--danger zones and "Special Hazards Bulletins"-- 
became less appropriate with time. Also, as local competence in 
radiation protection increased, and as the NCRP issued additional 
recommendations, the need for a detached and professional presenta- 
tion, application, and appraisal of Hanford's radiation protection 
policies and practices became more evident. Thus, starting in 1951 
the bulletins were gradually replaced with appropriate sections of 
a Manual of Radiation Protection Standards which, as periodically 
revised, forms the current bases for Hanford Standards. These 
Standards are then further implemented by operational components 
through the issuance of detailed work procedures and. practices. 
Ultimately, this entire sequence of radiation protection controls 
and standards was and still is under continual assessment and 
refinement through both informal and formal audits and measure- 
ment programs. 
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The Bases of Occupational Radiation Protection Standards 


Radiation protection standards at Hanford are based pri- 
marily on recommendations of the NCRP. Integral to the over-all 
system of radiation protection has been a third-party approach 
wherein policies and practices pertinent to radiation protection 
have been conceived, stated, and measured for effectiveness by a 
management organization which is separate from operational manage- 
ment. Thus, basic decisions necessary to radiation protection 
have been made by individuals devoting full professional efforts 
with minimal outside influence. 


In addition to’ NCRP recommendations, Hanford Radiation 
Protection Standards are based on recommendations of the Inter- 
national Commission on Radiological Protection (ICRP), and the 
International Commission on Radilogical Units (ICRU). Examples of 
other factors considered in formulation and application of Hanford 
radiation protection standards include: AEC Manual Chapters; and 
various sections of the Code of Federal Regulations; e.g., Title 


39, Postal Regulations and Title 49, Interstate Commerce Commission 
Regulations. 


Application of NCRP Recommendations 


Application of the recommendations of authoritative 
bodies such as the NCRP and ICRP has been supplemented with the 
development of operational control limits. 


The measurement technology shortcomings, the need to 
incorporate many operational details into sufficiently uniform 
local application, the basic consideration in keeping exposures 
at the lowest practicable level, and the implementation of the 
NCRP intent to control the rate of radiation exposure as uniformly 
as practical are accommodated through the use of operational con- 
trol limits (or working limits). These controls are utilized to 
assure that the maximum exposure recommendations are never exceeded 
by plan and that the operational controls are rarely exceeded. The 
use of operational control limits then provides a practical basis 
to determine compliance with the maximum permissible limits. 


These controls are included in the Manual of Radiation 
Protection Standards. In organization, this manual contains a 
number of policy statements on specific aspects of radiation 





ft 
RADIATION PROTECTION CRITERIA AND STANDARDS 739 


protection, assigns responsibility for the implementation of the 
stated policy and also spells out both exposure standards and 
operational controls to be utilized to achieve the stated policies. 
The current edition of the standards contains the following: 


Radiation Units and Nomenclature 

Radiation Measurements 

Exposure Standards 

Radiation Controls 

Exposure and Monitoring Records 

Radiation Incidents 

Radioactive Waste Disposal 

Appendix A - Maximum Permissible Body Burden and Maximum 
Permissible Concentrations of Radionuclides 
in Air and in Water for Occupational Exposure 

Appendix B - Abstract of Federal Regulations for Shippers 
and Consignees of Radioactive Materials. 


Operational controls for the case of whole body external 
exposure to penetrating radiations are established on a four week 
and calendar year time base and are keyed to the radiation dose 
measurement devices routinely used. This is stated in the Manual 
of Radiation Protection Standards. 


The "whole body dose", evaluated through the personnel 
meter program, should not be permitted to exceed 1 rem 
in any regular four-week badge period, or 5 rems in- 
cluding 3 r in any calendar year. 


This four-week value is utilized because it offers management flexi- 
bility in work assignments while offering sufficient assurance of 
compliance with the maximum NCRP recommendation of 3 rems in 13 
consecutive weeks. 


The annual control of 5 rems is utilized to assure that, 
on the average, a worker's accumulated exposure will not exceed 
the recommended NCRP cumulative limit of 5 rems per year of working 
lifetime. The use of the additional control of 3 roentgens, in 
addition to being an inducement to minimize exposure to the extent 
practical, is an acknowledgement that there are possibilities of 
multiple radiation exposures in any one task, and that there are 
recognized limitations in individual measurement of radiation dose. 
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Similar operational controls are established for the skin 
and body extremities. These follow the four week and yearly time 
base, and are also keyed to NCRP recommendations. 


Operational controls, for internal exposure, are estab- 
lished on a work area and individual worker basis. The work area 
controls are based on common sense housekeeping regulations and 
the application of the NCRP MPC's contained in NBS Handbook #69 - 
Maximum Permissible Body Burdens and Maximum Permissible Concentra- 
tions of Radionuclides in Air and in Water for Occupational Exposure, 
for the 40-hour week. The most restrictive value is used as a basis 
for control when the nuclide(s) present are known. Whenever the 
air-borne concentration may reasonably be expected to be above the 
applicable MPC, or when it is impracticable to determine the status 
of a suspect work area, respiratory protection is worn. In most 
cases the air-borne nuclides are unknown except to a general degree, 
i.e., alpha contamination or beta-gamma contamination. In these 
cases a provisional MPC is used. The practical values and respira- 
tory requirements are contained in the following Table IL. 


TABLE I 
RESPIRATORY PROTECTION REQUIREMENTS 


Protection Required 
Respirator Chemox 
or Assault or 
Contaminant Concentration cc None Half Mask Mask Fresh Air 


Plutonium < ex1o~12 x 
2x10722 to < kon 
> hxto~ 


< 6x07 x 
6x10711 to < 1.2x10719 
1.2x10710 to < 1.2x10°9 

> 1.2x10-9 


Mixed Fission < 1079 8 
Products  1xl07? te < 2xl0™ 
> 2x10™ 


Qther Than < MPC* 
Above Up to 20X the MPC* 
2 20X the MPC* x 


*Based upon NBS Handbook #69 40-hour maximum permissible 
concentration (MPC). 
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The above operational control limits avoid planned ex- 
posures of employees to air contamination in excess of NCRP recom- 
mendations for 40 hour/week occupancy (HB #69) without respiratory 
protection, regardless of the fact that the exposure time may be 
substantially less than 40 hours in one week. 


For any employee who is determined to have a body burden 
of greater than one-half of the NCRP recommendation, further 
planned work with the offending or biologically similar nuclide is 
prohibited. This operational control limit reduces the likelihood 
of any employee exceeding the maximum permissible body burden. 


Implementation of Operational Controls 


The establishment of radiation protection standards and 
operational control limits and the exposure measurement system de- 
signed to assess compliance of Hanford organizational components 
are responsibilities assigned to a group dissociated organization- 
ally from those groups performing radiation work. Enforcement of 
radiation protection standards and control limits is the responsi- 
bility of the management of the group performing the radiation work. 


Compliance with the operational control limits is assessed 
through a comprehensive system of measuring the external dose and 
any internal deposition of radionuclides in each employee who enters 
a processing or laboratory area. The measurement of external dose 
for each such employee is achieved through the use of conventional 
dosimeters, e.g., the film badge and pocket ionization chambers. 

The external dose measurement system has a sensitivity of a few 


percent of the NCRP recommended limit of 3 rems in 13 weeks. 


The estimation of the internal deposition of radio- 
nuclides is accomplished through a bioanalysis system in which the 
presence of certain radionuclides is estimated through measurement 
of the excretion rate (normally in urine) of the radionuclide from 
the body. The sensitivity of the bioassay system permits estima- 
tion of plutonium deposition in most cases to a few percent of the 
maximum permissible body burden (0.04 yc). 


The Whole Body Counter, which was constructed about one 
year ago, is a new and valuable supplemental tool to the bioassay 
program. This facility permits direct measurement of the body de- 
position of many radionuclides. 
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Results from this radiation dose measurement system are 
processed with electronic data processing equipment and periodic 
reports are provided to the employees and to management to permit 
control to within recommended limits of the NCRP. 


Experience as Compared to NCRP Recommendations 


In radiation protection exposure experience, no year can 
be considered as typical in that improvements in techniques, changes 
in limits and improvements and extension of production facilities 
change frequently. However, 1959 can be considered as representa- 
tive of current efforts to control personnel exposures. Table II 
lists pertinent statistics for 1959. 


TABLE II 
1 FILM BADGE RESULTS 


Number of People (including visitors) 








Dose Level Whole Body Penetrating Skin Dose 
(rems ) (7, X-ray, neutron) (y, B, X-ray, neutron) 
<i 12,029 11,677 
ae’ 632 | 703 
22 256 457 
23 li TT 
>4 0 11 
>5 0 3 
26 0 0 
12,928 12,928 


The large number of persons (93%) indicated in Table II 
with less than one rem result from the policy that each individual 
who enters a production or laboratory area is required to wear an 
individually-assigned dosimeter. Most of these people did not 
actually perform radiation work. For those employees who were en- 
gaged in radiation work in 1959, none received a whole body ex- 
posure greater than 3 rems in 13 consecutive weeks. 
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A basic recommendation of the NCRP is that the maximum 
permissible external dose to the whole body accumulated at any age, 
shall not exceed 5 remg miltiplied by the number of years beyond 
age 18 and the dose in any consecutive 13 weeks shall not exceed 
3 rems. The records indicate that for the ~7,800 employees on 
the rolls at the end of 1959, only 325 persons had accumulated an 
external dose greater than one-tenth of the individual maximum 
NCRP value and no one at Hanford has as much as one-third of the 
maximum permissible NCRP value. 


Experience in controlling internal exposure is exempli- 
fied by the plutonium deposition statistics contained in Table III. 


TABLE III 
PLUTONIUM DEPOSITIONS 


Average Annual 
Number of Oper- Percent of NCRP Permissible Body Burden 





Interval ational Workers < 10 10 < 20 20 < 50 50 < 100 2 100 Total 
Prior 1953 6,000 26 2 g 0 0 30 
1953 7,915 31 4 0 i a 36 
1954 8,096 37 3 2 1 0 43 
1955 8,825 4) 3 1 1 2 48 
1956 8, 842 36 1 1 1 1 ho 
1957 8,272 17 0 0 0 0 17 
1958 7,700 8 2 1 0 0 lu 
1959 7,943 19 0 Q 0 0 19 
TOTALS 215 15 7 4 3 ehh 


The internal deposition of radionuclides other than 
plutonium has been relatively rare, transient and at levels of 
relative insignificance. As of the end of 1959, no employee had 
a body deposition of radionuclides, exclusive of plutonium, in 
excess of 10% of the maximum permissible body burden. 


In summary, the recommendations of the NCRP form the 
basis for radiation protection standards at Hanford. These recom- 
mendations are often supplemented with local operating control 
limits. These operational controls allow maximum management 
flexibility in work assignments consistent with a stated policy of 
keeping exposures to the lowest extent practicable and in all cases 
at a planned level less than the NCRP recommendations. 











THE APPLICATION OF RADIATION PROTECTION STANDARDS 
TO ENVIRONMENTAL EXPOSURES AT HANFORD 


Introduction 


During normal operation of the Hanford facilities, con- 
trolled amounts of radionuclides are released to the Columbia 
River in reactor cooling water and to the atmosphere through pro- 
cess ventilation stacks. These and other waste release practices 
may contribute to the radiation exposure of persons living in the 
neighborhood of the controlled area. The control of radiation 
exposure to these people from Hanford sources is an attendant re- 
sponsibility in the operation of the Hanford facilities. 


The recommendations of the National Committee on Radia- 
tion Protection and Measurements (NCRP) and International Commis- 
sion on Radiological Protection (ICRP) constitute the best col- 
lection of authoritative thinking on radiation protection. These 
recommendations, together with the results of interim research, 
form the basis of Hanford radiation protection for the control 
and evaluation of radiation exposure resulting from Hanford's 
waste release practices. The effectiveness of these controls is 
then assessed by comparison of the results of an extensive program 
of sampling and measurement of radionuclide abundance in the 
Hanford environs with the reference standards. 


Control Criteria at Hanford 


The recommendations of the NCRP as contained in NBS 
Handbooks 59 and 69 form the basis for release of radionuclides 
from Hanford processing and laboratory facilities. Specifically, 
these recommendations are: the radiation or radioactive material 
outside a controlled area, attributable to normal operations within 
the controlled area, shall be such that it is improbable that any 
individual will receive a dose of more than 0.5 rem in any 1 year 
from external radiation. The maximum permissible average body 
burden of radionuclides in persons outside the controlled area and 
attributable to the operations within the controlled area shall 
not exceed 1/10 that recommended for radiation workers. 


While the recommendations of the NCRP for control of 


radionuclides are stated in terms of the dose to the specific 
organs or the body content of boneseekers as compared to radium, 
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control to these criteria is often best facilitated by measurement 
and control of the concentration of the radionuclides in environ- 
mental materials to established levels. The method which is used 
at Hanford to apply the maximum permissible body burden recommenda- 
tions of the NCRP involves the measurement of concentrations of 
radionuclides in water, food and air. Then using the best avail- 
able data on dietary habits and physiological constants of the 
human being, calculations of the body burden in individuals in the 
environment is made. 


Since an individual's accumlated dose resulting from 
environmental discharge of radionuclides would normally result 
from exposure to diverse sources and multiple paths of intake, 
the actual concentration of any one radionuclide in tne environs 
is important only to the degree that it contributes to the total 


dose from the particular mixture of radionuclides which may be 
present. 


Hanford's practices are based on measurement of radio- 
nuclides (and/or radiation exposure) at the point of uptake by 
persons in the neighborhood of the facilities. Controlling to 
maximum permissible limits derived for the exposure of people at 
the point of release would be unnecessarily restrictive in many 
cases, and too lax in a few selected instances. The use of the 
maximum permissible concentrations in air, for example, at the 
point where it is released from a process stack, implies that a 
person breathes that particular air, undiluted, for a lifetime. 
In the case of Hanford, as for many other installations, air re- 
leased from the stack is diluted during several miles of travel 
through the atmosphere before reaching a location where it can be 
inhaled by persons in the neighborhood of the controlled area. 


On the other hand, there are cases where the concentra- 
tion may appear to be well within recommended MPC's but still 
create a potential source of exposing people in excess of the 
recommended limits. For example, the release of a radionuclide to 
the river may be found to be well below the recommended MPC for 
drinking water at the point of first use. However, the radio- 
nuclide may be concentrated by river biota. This may occur to 
such an extent, that fish taken from the river and eaten by man 
would result in a considerably higher body burden than would re- 
sult from drinking the water. 
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From these considerations it is apparent that any system 
of standards requires a considerable degree of flexibility. A 
rigid set of standards could be unnecessarily restrictive for some 
conditions and intolerably lax in others. 


Operational control limits are needed to guide plant 
personnel in releasing radioactive waste to environs and for the 
design of new or modified facilities. The objective of these 
criteria is to assure that normal plant operation does not result 
in exposing persons in the neighborhood of the controlled area in 
“excess of the NCRP recommendations. Operational criteria are 
established primarily on the basis of long-term release rates as 
recommended by the NCRP. In most cases, slightly exceeding the 
operational control limits for a short time is an indication that 
investigation of the cause of the off-standard condition is needed, 
rather than immediate action such as shutting down a facility. The 
operational control limits are established after consideration of 
several factors including: ability to measure both the waste 
streams and environmental exposure, the recommended practice of 
averaging exposure over a year's time, the most probable mode of 
exposure, and the probability of exposure occurring from other than 
Hanford sources. 


The establishment of radiation protection standards and 


operational control limits, and the sampling and evaluation program 


designed to assess compliance of organizational components are 
responsibilities assigned to a group dissociated organizationally 
from those groups controlling release of radionuclides to the 
environs. Basic decisions in radiation protection are therefore 
made by individuals engaged fully and objectively in radiation 
protection work. 


The method of application of NCRP recommendations will be 
less dependent upon indirect calculations of body burdens in environ- 


mental residents as the technology of whole body counters becomes 
more refined and more such facilities are constructed. This will 
permit more direct measurements of radionuclides in the human body. 


Illustrations of Applications of the NCRP Recommendations 


The application of the NCRP recommendations is illustrated 


by discussing recent experience with several of the possible modes 
of environmental exposure. 
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In assessing the dose resulting from drinking water con- 
taining radionuclides, the maximum permissible concentrations in 
drinking water, as modified for persons in the neighborhood of con- 
trolled areas, for chronic conditions are applied. The concentra- 
tions of radionuclides are routinely measured in the Columbia River 
water downstream from the Hanford Reactors and in the vicinity of 
cities which obtain their water supply from the Columbia River. 

The average percentage of the maximum permissible concentrations 
considering some 15 radionuclides and several body organs of reference 
for 1959 are indicated in Table I. Of the 60 radionuclides that 

have been identified in the Hanford reactors effluent water, the 
concentrations of 15 are routinely determined and of these, 10 pro- 


vide approximately 90% of the estimated dose to the gastrointestinal 
tract. 


TABLE I 


Percentage of Maximum Permissible Concentration* 


GI Tract Bone Total Body 


Pasco Sanitary Water 5 0.9 0.5 
Kennewick Sanitary Water 2 0.6 0.2 
River Water at Pasco 15 1.6 0.9 


*Handbook 69 MPC values-168 hr. exposure for those in the 
neighborhood of controlled areas. 


The Gil tract is the most critical organ for exposure 
from drinking water containing this mixture of radionuclides. The 
calculated percentages of maximum permissible concentration for 
other organs of interest is less than those listed. While no known 


routine use of river water as drinking water exists, it is included 
for comparison. 


The assessment of dose from breathing air containing 
radionuclides is another case involving the direct application of 
the recommendations of the NCRP. Radionuclides in air are monitored 
routinely in numerous locations. These locations include several 
nearby communities as well as large cities as far away as Spokane, 
Washington; Portland, Oregon; and Boise, Idaho. 
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At Hanford where the potential for many different radio- 
nuclides in gaseous form exists, knowledge of the plant processes 
coupled with appropriate sampling at the points of release have 
shown iodine-131 to be the nuclide of major interest for gaseous 
effluents. 


The iodine-13l results for four perimeter communities 
during 1959 are shown in Table II. 


TABLE IL 
131 
Percentage of MPCa;, For I” '* 
Benton City, Washington 0.05 
North Richland, Washington 0.02 
Richland, Washington 0.03 
Pasco, Washington 0.04 


*Handbook 69 MPC values-168 hr. exposure for 
those in the neighborhood of controlled areas. 


Although these percentage MPC's for yi31 in air do not 
appear significant, there are other considerations. The limiting 
factor in releasing radioiodine may not be the exposure of humans 
by inhalation but the deposition of the released I 31 on grass and 
other vegetation. 


yi3t is deposited on vegetation to a greater extent than 
many other fission products. In several ways, the I can be 
transmitted through foodstuffs to man. The consumption of milk, 
leafy vegetables and meat are the most important paths of intake. 
The presence of 1431 in grasses also contributes to the dose to the 
thyroids of grazing animals. 


These considerations result in imposing local operational 
control on the release rate of 1434 to the atmosphere to 10 curies 
per 7 days. This general subject was discussed in the Congressional 
Hearings on Industrial Radioactive Waste Disposal held in January- 
February, 1959. 
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In summary, the recommendations of the NCRP form the 
basis for Hanford radiation protection standards. Since these 
recommendations present values which are not always amenable to 
direct measurement, locally derived criteria have been established 
which take into consideration, among other things, limitations in 
ability to measure directly the dose to persons in the neighbor- 
hood of the controlled area and the probability of multiple ex- 
posures by more than one mode of exposure. Operational control 
limits are useful in controlling the release of radioactive 
materials to the environs. The evaluation of the exposure to per- 
sons in the neighborhood of Hanford is in terms of the NCRP recom- 
mendations or their translations to operational control limits. A 
statement by H. M. Parker in the above-mentioned Congressional 
Hearings on Industrial Radioactive Waste Disposal best summarizes 


the current experience in radiation exposure to persons in the 
Hanford environs. 











OPERATING COSTS OF PROVIDING RADIATION PROTECTION AT HANFORD 





The administration of the radiation protection function 
at Hanford is accomplished through two groups of organizational 
components. The Radiation Protection Operation has centralized 
responsibilities for establishing and promulgating radiation pro- 
tection policies and standards, evaluating occupational and environ- 
mental exposures, providing personnel exposure meter and calibra- 
tion services for the entire plant, and in addition, providing 
monitoring service for radiation work in nonproduction facilities. 


Radiation monitoring service and exposure control in 
production facilities are performed by personnel of the three pro- 
duction departments - Fuels Preparation, Irradiation Processing 
and Chemical Processing. Personnel in the production departments 
peform their functions using the centralized services provided by 
the Radiation Protection Operation. The radiation work procedures 
used throughout Hanford are based on the Hanford Radiation Pro- 
tection Standards. 


At the Hanford plant there are currently about 380 people 
assigned to various aspects of radiation protection work. Included 
are about 135 people in the Radiation Protection Operation which 
provides the centralized services described above. By categories, 
the group of 380 people consists of about 105 professional and 
supervisory personnel, 185 semitechnical, about 10 administrative, 
and 80 others. 


The costs of radiation protection at Hanford for the 


fiscal year 1959 are summarized below. These costs are those in- 
curred by personnel engaged in radiation protection work. 
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Centralized radiation protection services, 
radiation monitoring for all facilities 
and radiological engineering $3, 780,000 


Environmental sampling and measurement and 
evaluation 500 ,000 


Protective clothing and equipment including 
processing and laundering 670,000 


Criticality engineeting and technology 140,000 


TOTAL $5,090 ,000 


Not included in these costs are such items as: radiologically 
oriented capital expenditures, processing and storage of radio- 
active wastes, decontamination functions, and grounds maintenance 
applicable primarily to radiation protection. 


There are other functions which have some relationship 
to the radiation protection program at Hanford. These include the 
various undifferentiated aspects of the Industrial Medicine, Indus- 
trial Hygiene, and conventional industrial safety programs which 
are complementary and supplementary to radiation protection in the 
strict sense. The total directly assigned costs of these programs 
for FY 1959 were $1,040,000. 


Also not included in the above costs ($5,090,000) are the 
costs assignable to research and development work carried out by 
components of the Hanford Laboratories in the fields of biology, 
radiclogical physics, radiological chemistry, criticality, meteoro- 
logy, earth sciences, and instrumentation. The objectives of these 
programs are to provide information and equipment which will permit 
better assessment and control of the actual or potential radiologi- 
cal problems which could be encountered at Hanford and to contribute 
to the improvement of health and safety throughout’ the atomic energy 
industry. The total expenditures for fiscal year 1959 for the pro- 
grams carried out in biomedical research and development totalled 
about $1,890,000. 
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THE EFFECT OF VARYING PERMISSIBLE LIMITS ON 
OPERATING COSTS - HANFORD PRODUCTION REACTORS 


A relaxation or a tightening of the maximum permissible 
limits may have an effect on operating and capital costs depending 
on the type and magnitude of the changes made in the limits. The 
total economic effect of changes in permissible limits is complex 
and estimates of the magnitude of these effects is subject to con- 
siderable error. : 


As an example an analysis of the effect of hypothetical 
changes in permissible limits was made on the eight production re- 
actors at Hanford, plotted in the attached graph. For simplicity, 
the only change in permissible limits considered is a change in 
the maximum permissible external cumulative limits; 5(N-18) rems. 
Similar changes in reduction of maximum permissible body burdens 
of internally-deposited radionuclides would probably be associated 
with the major changes hypothesized in the external cumulative 
limit. The effects of changes in the internal permissible limits 
are not factored into the cost estimates below. Decreases to one- 
fifth and one-tenth of the current limit of 5(N-18) rems (where 
N = age in years and is greater than 18) would increase the annual 
operating costs of the eight production reactors by about $40,000,000/ 
year and $70,000,000/year, respectively. These increases are esti- 
mated on the basis of current (FY 1959) operating costs of about 
$40,000 ,000/year. 


Assumptions made in making these estimates in operating 
cost changes include: 


1) No major changes in capital expenditure pattern for 
control of radiation exposure. 


2) Types of activities or material processed would not 
change materially from current experience. 


3) Ratios of nonradiation workers to radiation workers 
would remain essentially the same as current experi- 
ence. 


These estimates are based on the increase in number of 
people required to maintain the exposure of employees at an 
operationally-feasible level below the actual maximum permissible 
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limits in each case. In the actual case, the average exposure of 
a large group of employees must be maintained at a level from one- 
half to three-fourths of the limit which is in effect in order that 
no employee actually exceeds the limit. Since there are no em- 
ployees on the payroll solely due to a need to control personnel 
exposure to within permissible limits, it is not likely that a 
nominal relaxation in the external cumulative maxiaum permissible 
limit would provide any significant reduction in current operating 
expenditures. 


In the hypothetical case where the permissible limit was 
to be made more stringent by a factor ranging from 5 to 10, the 
odds are high that most of the increased costs would be diverted 
to increased shielding and remote equipment rather than increased 
personnel. In the situation where the maximum permissible limit 
was made more stringent by a factor of 10 or more (to < 0:5 (N-18) 
the cost increases in capital equipment and facilities would be 
completely overriding to operating costs. 











APPENDIX E 


APPLICATION OF RADIATION PROTECTION STANDARDS AT THE IDAHO CHEMICAL PROCESSING _ 
errr le estes epancinineneesperemarnicimenemnpapineni= 


Prepared by 


THE IDAHO OPERATIONS OFFICE 
Idaho Falls, Idaho 


INTRODUCTION 


In 1951 the Idaho Chemical Processing Plant (ICPP) was con- 
structed at the AEC's National Reactor Testing Station in 
southeastern Idaho where it is convenient to a large number 
of prototype and test reactors. Since that time it has 
been engaged in the processing of a large variety of highly 
enriched uranium reactor fuels. In addition to processing 
these fuels for the recovery of unused uranium, a major ob- 
jective of the plant is the demonstration of new chemical 


processes and the collection of design, operating and cost 
data. 


In order to keep pace with advances in reactor fuel design 
and to test improvements in chemical processes and equip- 
ment, it is frequently necessary to make alterations or 
additions to the original plant equipment or to replace 
portions of the system with new equipment. Such flexibility 
is most easily available in a direct maintenance type of 
facility. Im a direct maintenance plant, equipment needing 
repair or alteration is decontaminated from radioactive ma- 
terials and the necessary work accomplished by workmen 


entering the process cell and using ordinary procedures and 
tools. 


The Commission's aqueous chemical processes for recovering 
nuclear materials from spent reactor fuels involve various 
operations such as dissolution, multi-cycle solvent extrac- 
tion and product purification withrelated waste, off-gas, 
salvage and solvent recovery systems. Throughout these 
processes the fission products or radioactive materials are 
in fluid (gaseous or liquid) rather than solid forms and 

as such present significantly greater problems in contain- 
ment and control of radioactivity and contamination than 
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normally encountered in other nuclear fields, such as reactors 
where the bulk of radioactive hazard is in a discrete and 
less mobile form. 


Despite the formidable problems of radiation control in a pre- 
cessing plant, the seven years of experience at the ICPP 
has demonstrated that this operation can be carried on ef- 
fectively, safely and economically without approaching the 
standard limits of exposure except in isolated instances. 
(During this time period, only three external exposures 

were in excess of the NBS Handbook No. 59 standards. These 
three cases were the result of a nuclear incident in 1959 
and were predominately nonpenetrating radiation. For 1959 
the average exposure experienced by plant personnel, in- 
cluding exposures resulting from the incident, was less than 
35 per cent of the standard permissible value.) 


Although this remote location of the ICPP would make the 
consequences of an accident less serious at the NRTS than 

in a more populous area, the same standards of protection 

to both plant operating personnel and the surrounding terri- 
tory are applied as are used in less remote areas. It is, 
however, possible to take some advantage of the wide separa- 
tion from populated areas and the local meteorological and 
geological conditions in the application of these standards. 
The following paragraphs describe the standards used and the 
methods of applying these standards at this plant along with 
comments concerning their effects on plant operations. 


ICPP RADIATION PROTECTION STANDARDS 





The working philosophy for radiological protection at the ICPP 
is for safe, effective and practical control of all radiation 
and radioactive materials utilizing the standards recommended 
in National Bureau of Standards Handbooks No. 59 and 69. 

These values, however, must be interpreted with respect to 
such factors as the operations performed in the plant, the 
types of materials handled, the nature of the surroundings, 
weather conditions, and measurable values. The standards 

are then converted to working limits in terms capable of 
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measurement by practical means. The standards are presented 


in this section; their application is presented in Section III. 


A. 


Personnel Exposures 


The maximum allowable radiation exposures for personnel 
is 3000 mrem in one quarter year, or 5000 mrem in one 
year. For materials that might be taken up and retained 
in the body, decay rates of the materials as well as 

the tendency to be retained in the body are considered 
with respect to Handbook No. 69 maximum permissible 
values. These factors are considered in the applica- 
tion of limits. 


Waste Disposal Limits 
1. Solid Wastes 


No specific limits on radioactivity content of solids 
disposed of to ground are used. Rather it is re- 
quired that these materials be packaged in such a 
manner that they present no hazard to the surround- 
ings. In this arid climate there is actually little 
likelihood of ground water contamination even from 
unpackaged materials. The controlling limits then 
generally become the personnel exposure Limits 

for those persons involved in packaging, trans- 
porting and burying of contaminated solid waste 
materials. 


A special area of about 80 acres has been set aside 
at the National Reactor Testing Station for burial 
of solid wastes. Access to this area is restricted 
and all material entering the area must be approved 
by health and safety personnel prior to burial to 
insure that contamination is adequately contained. 


2. Liquid Wastes 


All liquid wastes that contain appreciable quantities 
of radioactive materials are stored in underground 
stainless steel tanks encased in concrete vaults 
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with sufficient earth shielding over them to prevent 
escape of measurable radiation. 


Slightly contaminated water solutions are piped to 
a disposal well which penetrates the regional ground 
water table some 450 feet below grade. The NRTS 
policy is to allow no discharge of radioactive 
solutions at concentrations that would result in 
ground water contamination at any point of reuse 

in excess of one-tenth of the maximum permissible 
values as set forth in the NBS Handbook No. 69. 

In order to establish work limits for the point of 
discharge the following factors are considered: 


a. Decay during the time between discharge and 
reuse 

b. Dilution with natural waters 

c. Adsorptim on natural materials 

d. Absorption by chemical reaction with mineral 
particles 


Decay is computed on the basis of the nearest water 
well downstream from the disposal well (2 1/2 miles) 
and an underground water flow rate of 350 feet per 
day. (On the basis of some Limited experiments it 

is believed that the actual rate is more nearly 35 
feet per day but until more positive evidence is 
available, the more conservative value will be used.) 


In cases where radioactive decay is insignificant, 

an allowance, based on experimental data and cautious 
assumptions, is made to compensate for dilution, 
adsorption, and absorption. Application of these 
factors allow concentrations at the point of dis- 
charge that may average up to three times the 
Handbook No. 69 values for a one month period or 

up to ten times these concentrations for any single 
discharge without exceeding one-tenth allowable 
concentrations at any point of case. 


Airborne Wastes 


At the ICPP all airborne wastes from the processing 
area are discharged through a 250 foot high stack. 
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The NRTS policy regarding airborne radioactive dis- 
charges is: 


The resultant dose shall not exceed one-tenth 
the averaged annual permissible dose of 15 rem 
for most individual organs of the body, 30 rem 
when the critical organ would be the thyroid or 
skin, or 5 rem when the gonads or whole body 
would be the critical organ. Should these 
limits be reached, no further radioactive ef- 
fluent from any operations would be permitted 
to be discharged over the affected area for 

the remainder of that year. 


This is an all inclusive. limit that applies to 
direct radiation from a radioactive cloud of gases, 
direct inhalation of radioactive materials with sub- 
sequent deposition in the body or deposition of ma- 
terials that might remain to irradiate personnel (or 
wildlife) indefinitely or perhaps be ingested at 
some later date. 


Obviously, many factors must be taken into account 
in setting specific limits for each of the variety 
of materials that might possibly be released from 
a chemical processing plant. The capability of 
taking representative samples or pf accurately 
analyzing for radioactive components is severely 
taxed in this area. Consequently, in practice, 
every practical means is taken to eliminate or 
minimize the release of radioactive materials to 
atmosphere. There is also a continuing effort to 
improve sampling techniques, and other monitoring 
procedures. 


If there is reason to believe that radioactive ma- 
terials will be released as a result of special 
operations, theoretical dose calculations are made 
using diffusion equations and calculated values of 
the discharge rate. Until sufficient operational 
experience is gained, these operations are con- 
ducted under favorable meteorological conditions 
and are controlled according to the results of 


field monitoring units. 
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III. APPLICATION OF STANDARDS 





A. 


Personnel Exposure Control 


The recommended standards for radiation protection and 
the limits applied to the ICPP operation are generally 
expressed in terms of averages over rather long time 
periods. In practice it is necessary to examine these 
limits and to establish day-to-day working guides. In 
most cases these guides are expressed as daily tol- 
erances for plant control purposes. 


In the case of direct radiation, the guide is set at 
50 mrem of whole body penetrating radiation. The in- 
dividual worker, with his health physicist, has the 
authority to receive up to one day's dose. His branch 
(intermediate) supervisor can authorize up to 300 mrem 
for a single job. The Project Manager and his three 
assistants can authorize a single exposure up to 900 
mrem. 


In actual practice the latter exposure is permitted 

only in serious emergencies. Such individual authori- 
zations in no way alter the maximum permissible quarterly 
or annual exposures. This procedure is generally ade- 
quate to stay within the general limits. If, however, 

an individual's total for a period begins to approach 

the maximum, special limitations are placed on his work. 


The effectiveness of these procedures is evidenced by 
the seven-year operating experience of the ICPP, where 
the only external exposures in excess of the per- 

missible limit were the three encountered as a result 
of the October 1959 nuclear incident. The average ex- 
posure to personnel at the ICPP for calendar year 1959 
was less than 35 per cent of the prescribed standards. 


Any adequate radiation protection program in the vicinity 
of hazardous quantities of radioactive materials is 
dependent upon a good personnel metering program. The 
ICPP is serviced by the IDO film badge program, which 

is supplemented by the use of direct reading dosimeters. 
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The film badge presently in use is a carefully designed 
combination badge which serves both security and health 
physics purposes. Thus the certainty of the badge 

being worn in greatly enhanced. The badge contains film 
of two different sensitivities and, in addition, a 
series of materials sensitive to activation by neutrons. 
Film in these badges is processed and read at two week 
intervals and routine reports made to responsible super- 
vision. The neutron detecting materials are present 

to aid in the estimation of neutron doses should a 
serious criticality incident occur. Direct reading 
dosimeters are issued to those employees working regu- 
larly in radiation areas. These dosimeters are read 
daily and a running record kept of the current total 
through each two week badge period. Ring and wrist 
films are used for measuring hand and arm doses when 
such might be controlling. 


Portable instruments such as G-M meters, ion chambers, 
air samplers, etc., are used extensively and routinely 
for both locating sources and radiation fields and 
monitoring radiation fields during the course of work. 
Most of these instruments are supplied, repaired, and 
given primary calibration by IDO, though secondary 
calibration checks are performed locally. 


The main effort in controlling contamination is placed 
in a "smear" or “swipe” procedure. This is a process 
of sampling surfaces by wiping them with clean uniform 
paper. The procedure is not at all accurate from an 
absolute quantitative standpoint, but does give a re- 
liable qualitative result as to the amount of removable 
radioactivity. This, in turn, is an excellent measure 
of the contamination hazard of the surface. As there 
are many possible types of radioactive contamination, 
considerable instrumentation is necessary to examine 
such smears adequately. 
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Every portion of the main plant area receives a routine 
survey for both radiation and contamination at a fre- 
quency dependent upon the probability of radiation change 
in that area. In addition, when unusual conditions are 
found, follow-up surveys are made at short intervals 
until the situation returms to normal. Job monitoring 

is required continuously whenever there is a possibility 
of a change in the radiation field, when additional 
contamination could be encountered, when conditions are 
so severe as to require extensive precautions, when 
careful time control is necessary, or whenever the 
health physicist, for amy other reason, decides he 

should be there. 


Decontamination is an important aspect of radiation and 
contamination control, especially in a direct maintenance 
plant such as the ICPP. Techniques and special pro- 
cedures have been developed and are used regularly on 
surfaces which require repetitive cleaning. A highly 
effective facility is staffed and maintained to decon- 
taminate portable items at minimum cost. 


A wide variety of clothing, respiratory equipment, shoes, 
gloves, boots, safety glasses, and similar items are 
provided to individuals to reduce the possibility of 
internal exposure and external personnel contamination. 
The more common items are required to be worn in the 
major plant areas at all times, and must be changed 
before leaving the plant, while specialized devices are 
used at the discretion of and under. the direction of an 
attending health physicist. In particular, personnel are 
never permitted to remain in an atmospheric concentra- 
tion of radioactivity above the maximum permissible 
concentration, as specified in NBS Handbook No, 69, 
without respiratory protection. If the concentration 

is higher and the job longer, fresh air supplied equip- 
ment is specified. Usually, when air contamination is 
first detected, the particular type is unknown, conse- 
quently, it is always assumed that the most hazardous 
isotope possibly present is the offender and the corre- 
sponding permissible concentration is used until analyses 
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can be performed. Once the isotopic analyses can be 
made, then the limit can be revised accordingly. 


An important phase of control of exposure to plant per- 
sonnel, in addition to the basic factors of time, 
distance and shielding, is the fixed monitor. Three 
principal types are used, with a fourth, stack moni- 
toring, contributing to a minor extent. Direct radia- 
tion, in all regularly occupied areas of the plant 
where it would be expected, is monitored by fixed in- 
struments, some of which are the ion chamber type and 
some of the scintillation type. All are set to alarm 
at radiation levels which will prevent excessive ex- 


posure to personnel and will warn of unusual radiation 
conditions. 


In chemical operations, the hazards of airborne radio- 
activity are, perhaps, even greater than those of direct 
radiation. The problems of monitoring such activity 
are also more difficult. Most air monitors in the 

ICPP are of the fixed filter, three scale type with 
different alarms at the scale changes. Seventeen in- 
struments, enough to monitor every major occupied area 
in the plant, are used. Radio-iodine, however, because 
of its gaseous nature and many compounds, cannot be a 
reliably monitored by a mechanical filter device. Con- t 
sequently, a number of instruments are modified to use y 
carbon traps for collection and are used for munotoring 
in those parts of the plant susceptible to iodine re- 
lease. Iodine, as a particular problem, results from 

the processing of short-cooled reactor fuel. It requires 
a philosophy of protection even more careful in nature 
than that usually employed. With its vaporous nature 
and its proclivity to form many unstable compounds, 
iodine in hazardous quantities is sometimes found when 
least expected. Consequently, extreme care in moni- 
toring is used whenever there is the least possibility 
of the presence of radio-iodine. 
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Airborne limits for plant personnel are stated in terms 
of concentration for continuous working lifetime ex- 
posure. Exposure to atmospheres exceeding these low 
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limits is not permitted, largely as a safeguard against 
inadvertent acute exposures. 


Because the alphas of U-235 and U-238 are very mild radio- 
logical hazards, and very little plutonium has been 
produced in the enriched fuels almost exclusively 
processed at the ICPP,alpha monitoring has been a very 
minor problem. 


No matter how carefully operations are conducted in any 
industry, there is always the remote possibility of 
serious accident. For this reason the ICPP is equipped 
at several strategic locations with fission monitors 
designed to give information as to both the spectra and 
total flux of any neutron field accidentally generated. 


A hazard, somewhat less in practical severity than 
direct radiation or airborne radioactivity, in ICPP opera- 
tion is personnel contamination. Precautionary measures 
and effective fixed instrumentation have, to date, con- 
trolled the problem. Most of the exits from radioactive 
working areas, plus that from the change rooms, the main 
gate, and the cafeteria entrance, are guarded by ef- 
fective portal monitors with alarms. To improve sensi- 
tivity, some of these are now being changed from G-M 

to scintillation type. Im addition, hand and foot sur- 
vey machines are provided and personnel are required by 
procedure to use them after working with radioactive 
materials. 


Operating experience has shown that routine operations 
usually require less than 10 per cent of the recommended 
maximum personnel exposures at the ICPP. However, with 
continually changing fuel types and processes, a routine 
operation is seldom attainable for long periods of 

time. Consequently, the exposures resulting from main- 
tenance and modification programs and unusual incidents 
such as spills, leaks, etc., account for the major 
portion of the total exposure received. 
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B. Control of Effluents 


i 


Solid Wastes 


As discussed above, the limits applicable to solid 
waste disposal are based upon personnel exposures 
in handling the materials and assurance of adequate 
containment to prevent leaching or otherwise con- 
taminating the surroundings. 


The plant health physics group is responsible for 
packaging the waste materials to assure that per- 
sonnel do not receive excessive exposure during 
delivery to the burial ground and that no contami- 
nation is released during movement. The central 
Health and Safety group (IDO) is responsible for 
management of the burial ground and has final res- 
ponsibility for assuring compliance with require- 
ments concerning protection against leaching of 
radioactive materials from the package to ground 
water and for providing adequate earth coverage for 
shielding. The burial area is fenced to prevent 
unauthorized entry and to protect against possible 
spread of contamination by wildlife. 


Liquid Wastes 


All high level liquid wastes are retained permanently 
in underground (earth shielded) stainless steel 
tanks. These tanks are placed in concrete vaults 
provided with instrumentation to detect any leak- 
age. Spare tanks are always kept available to allow 
emptying any tank immediately upon detection of 
leakage. 


At the present time there are approximately 1,600,000 
gallons of liquid wastes stored in the ICPP tank 
farm. There has been no evidence of any leakage 

from any of the tanks. 


A low concentration of radioactivity in liquid 
aqueous waste is returned directly to the water 


ae 





SRA 


oh 


eas 


SEAS Mets 


ee. 


RTE 


‘ 








RADIATION PROTECTION CRITERIA AND STANDARDS 765 


table by means of a well drilled for the specific 
purpose. The ICPP liquid disposal system is 
equipped with a water monitor which sounds an 

alarm when the concentration exceeds the permitted 
daily limit, records continuously the discharge 
concentration, takes a proportional sample for 
verification by laboratory analysis, and integrates 
the total activity over whatever time period is 
desired. It would be desirable to be assured that 
the monitor measured instantaneous concentrations, 
and it would be helpful to be able to control 

such concentrations. But as neither is yet practi- 
cal or even possible, the basic control period is 
one full day. In emergencies, concentrations in 
excess of the normal Limit may be discharged with 
the permission of IDO if the monthly average does 
not exceed the concentration control limit. 


A large number of monitoring wells surround the 
ICPP, as well as the other NRTS plants, for a con- 
stant check on radioactivity content of the ground 
water. Samples are also collected periodically 
from various farm and community water supplies as 
far downstream as Thousand Springs, Idaho (nearly 
100 miles) and sent to the NRTS for radiochemical 
analysis. There has been no indication that ground 
water contamination at any point of use has even 
approached one-tenth the recommended maximum per- 
missible concentration. 











TABLE I 


ICPP Personnel Exposures During CY 1959 


The following table gives the highest, lowest and average radia- 
tion exposures received by the ICPP staff during calendar year 1959 
as measured at two week intervals by film badge monitors. The 
three highest figures indicated by asterisks are the result of 

the October criticality incident reported in IDO-10035. These 
values may be compared with 460 mrem based on 3000 mrem per 
quarter year or 200 mrem based on 5000 mrem per year maximum 
allowable levels. The CPP average two week exposure for the first 
quarter of 1960 was 30 mrem. 


High Low Average 
Classification Mrem/2 wk Mrem/2 wk Mrem/2 wk 
Management & Clerical 1,020 0 3 
General Supervision 2,940 0 45 
Technical 10,400* 0 72 
Operations 50,200* 0 75 
Maintenance 32,200* 0 92 
Total CPP Area 50,200 0 66 


*These three exposures are predominantly non-penetrating external 
radiations. 
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Airborne Effluent Control 


Gaseous and aerosol limits dre the most difficult 
to set and to control. The actual measurement 

of discharge concentrations is often a formid- 
able problem. The NRTS environment is con- 
stantly monitored to determine any possible ef- 
fects of airborne discharges. This information 

is then related to stack discharges and appropriate 
concentration and meteorological controls imposed. 
The basic limitations used in setting concentra- 
tions at the point of discharge are the radia- 
tion limits expressed earlier and the philosophy 
that no airborne contamination shall exceed 
one-tenth maximum permissible concentrations at 
the nearest downwind installation or site bound- 
ary, whichever is closer. 


To provide additional background and to give re- 
assurance to the surrounding population, a net- 
work of radiation detection telemetering stations 
extending more than 40 miles beyond the NRTS 

boundaries has been established. 


The collection of gas samples that are completely 
representative of the total effluent composition 
is extremely difficult, if not impossible. The 
concentrations of radioactive materials are 
generally too low for direct quantitative measure- 
ment. For certain materials it is necessary to 
pass a proportional sample of the gas stream 
through a trap and then periodically analyze 

the trap contents. This obviously will give 

only average concentrations experienced during 
the period of collection with no indication of 
maximum or minimum concentrations. Consequently, 
the sampling period is kept as short as practical 
for day-to-day control. A weekly sample provides 
a further check on the short period measurements. 
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The sampler now in use, although a quite simple 
device, has provided adequate information for 
control purposes, However, an improved sampler, 
now under construction, is expected to provide 
considerably more information on the total com- 
position of the gas stream. The inability to 
measure the extremely low concentrations of 
either gross activity or specific isotopes re- 
mains the greatest problem in gaseous effluent 
monitoring. 


NON-ROUTINE PROCEDURES 


In the administration of a radiation protection 
program, there are always several variables which 
must constantly be evaluated. Though limits used 
already contain safety factors, the ICPP is operated 
under the philosophy that these limits should not 

be approached without good reason. Usually, such 

a reason is associated with cost, whether it be 

the decontamination of a major part of the plant or 
the repair of a piece of equipment. This balance 
between exposure and cost is always a matter of 
judgment and compromise reached between the res- 
ponsible supervision and the local health physicist, 
with the applicable limits always in sight. If the 
cost to reduce the exposure is reasonable, such 

will be done; if the cost is very high, rotation of 
personnel may be used to hold individual doses within 
proper limits. Most of the time, a compromise some- 
where between these extremes will be reached. 


The reliability of measurement ig also a problem 
which is solved only by the experience and training 
of competent health physicists. Most instruments 
and devices are accurate to plus or minus 10 per 
cent when used to measure the type and energy of 
radiation against which they were calibrated. Un- 
fortunately, it is seldom that an unmixed source, 
like the calibration source; is encountered. Exact 
analysis of the unknown source may be either im- 
possible or impractical, so the health physicist 
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will make empirical measurements and allow, by 
training and experience, a margin of error 

which will not permit, under the worst conditions, 
the pertinent Limits to be exceeded. 


It is also true, in almost every radioactive work 
area, that the radiation field is not uniform. It 
will vary considerably as the measuring instrument 
is moved about. Im such a case, the health phy- 
sicist is unable to predict what proportion of the 
work is likely to be done in each general level 

of activity. He will, therefore, assume that all 
of it might be done in the highest field and will 
assign working time accordingly. 


Occasionally, accidents will result in increased 
exposures, either at the time of the accident or 
in the clean-up following. Im order that such in- 
cidents will not result in either excessive cost 
or average exposure above limits it is the usual 
practice to hold as much as is practical of each 
individual's permitted exposure in reserve. 


Success in controlling radiation exposure depends 
upon good procedures and rules to take maximum 
advantage of good principles and equipment. One 

of the most important procedures in the ICPP is 

that of the “safe work permit." Every job which 
might involve any hazard, and which is not covered 
by a detailed standard procedure, requires the 

prior preparation of a safe work permit form. In 
the process all aspects of the work are studied and 
planned, radiation fields and contamination are 
measured, the radiation history of the men are con- 
sidered, working instructions are given both verbally 
and in writing special equipment is provided, and 
other interested groups are notified. Incidentally, 
the same procedure applies in regard to fire pro- 
tection and all aspects of industrial safety. 


It is not always possible to justify the uniform 
distribution of exposure among a large number of 
people. Both the total cost and total dose can 
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pass beyond reason. An example of the time and 
effort involved in one particular decontamination 
problem follows. 


Two processing cells and the adjacent access cor- 
ridor required decontamination and renovation of 
equipment. Removal of approximately 75,000 curies 
of activity to lower radiation levels to the point 
where effective work could be done required 103 
days. Other work was being done in the plant 
simultaneously. 


A committee consisting of representatives of Pro- 
duction, Maintenance, Health Physics, Engineering 
and Technical coordinated the decontamination pro- 
cedure, studied the operational problems, and 
scheduled the work. 


The initial and "hottest" work was done by per- 
sonnel who normally receive no radiation exposure 
such as, bus drivers, warehouse workers, clerks, 
and office workers. Provision was made to allow 
these men to receive three weeks exposure in one 
week. The total dose for this work was 4,103 mrem 
beta and 42,160 mrem gamma distributed among about 
80 men. The average dose per man was 52 mrem beta 
and 527 mrem gamma. Since there were fewer main- 
tenance men among whom to distribute the exposure, 
the average exposure for them (91 mrem beta, 903 
mrem gamma) was higher than for other men (38 mrem 
beta, 402 mrem gamma). The thirteen week recom- 
mended -xposure limit was not exceeded by anyone. 
Costs of decontamination were distributed as fol- 
lows: 


Labor 47% 
Decontamination Chemicals 30% 
Health Physics 19% 
Analytical Labor 47%, 


It is obvious, then, that exposure must always be 
balanced against cost. In general, the following 
criteria are used for this purpose: 
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l. 


No individual may be exposed beyond recom- 
mended limits. 


The permissible exposure of specialized crafts 
may need to be conserved. 


The method or combination of procedures should 
be chosen which will result in the Lowest 
combined exposure; i.e., the product of in- 
dividual exposures and number of individuals, 
since the total exposure available is fixed, 
assuming a fixed number of people. 


The method must be compatible with cost of 
material as well as labor. 


When the productive decontamination limit is 
being approached, or possibly at any time 
before, the situation may be studied for the 
usefulness of shielding. Possibly, major 
sources of radiation are relatively small. 
Pipes or vessels may be strong enough to 
support sheet lead, or vessels can be filled 
with water. However, entry for these pur- 
poses must also be considered in the calcula- 
tion of total exposure allowance for the 
job. When combinations of these methods are 
ineffective, decontamination may continue 
beyond what would otherwise be considered 
impractical. The personnel exposure record 
for CY 1959 is presented in the attached 
Table I. 


COSTS OF MONITORING PROGRAM 


The costs of the monitoring program at the ICPP are given 

in terms of the plant direct operating cost. An attempt is 
made to show only those monitoring costs associated with the 
routine operation as opposed to the costs of protecting per- 
sonnel from radiation or contamination or the monitoring for 
the unexpected (accidental release of radiation or contamina- 
tion). These costs are approximately as follows: 








772 





RADIATION PROTECTION CRITERIA AND STANDARDS 


% of Direct Plant Operating Cost 


Routine Plant Monitoring 6.1% 


Services provided by other 
than the plant staff: 


Personnel Metering (Film Badge 


Servicing) 1.7% 
Environmental Monitoring 2.4% 
Chemical Analyses 0.9% 
Monitoring Instrument Repair 1.4% 
Radiological Safety _0.3% 

TOTAL 12.8% 


These services are performed partly by the plant staff and 
partly by a central service organization. Those costs ap- 
plicable to the ICPP operation are approximately $300,000 
per year. 


INFLUENCE OF CHANGES IN STANDARDS 


Changes in existing personnel exposure Limits would have the 
greatest influence in the costs of decontamination and main- 
tenance of plant equipment. It is always necessary to balance 
cost of preparation for a job against the total exposure that 
will be allowed to the available personnel. 


Decontamination of equipment proceeds, rapidly during the 
initial treatment but significant gains in reduction of radia- 
tion levels become progressively more difficult. To reach 
levels thatwould permit unlimited working time in many cases 
would require such severe treatment as to result in ir- 
reparable damage to the equipment. Consequently, a compro- 
mise between cost, damage to equipment and exposure to per- 
sonnel is always required. With a limited number of persons 
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available to accomplish repairs, the upper limit of exposures 
is fixed by individual exposure tolerances. 


As a quantitative illustration, let us assume that a particular 
job requires six minutes working time at the equipment and 
decontamination has become ineffective with a residual radia- 
tion level of 6000 mrem per hour. ‘Two minutes and 100 orem 
exposure are required in getting to and from the job. In 
addition, persons with low exposure records are called upon 
to distribute the exposure more uniformly. Two hours are 
required to get to the job, receive instructions, put on 
protective clothing, etc., and two manhours of support are 
required for monitoring, cleanup, laundry, transportation, 
etc. 


The calculated productive time for various allowable indivi- 
dual exposures illustrates the influence of permissible ex- 

posure levels on the costsof performing non-routine work as 

well as total exposure time cequired. 


Radiation Limit Total Exposure Total Time Productive 
mrem/man men x mrem/man men x min per man _ Time-% 
700 700 248 2.5 
300 900 732 0.82 
150 1800 2910 0.21 


This table shows also that with reduced allowable radiation 
to each individual the total radiation exposure to the staff 
as a whole is increased. 


The staff of health physics monitors required would vary in 
approximately the same ratio as productive manhours in this 
illustration since, to determine the working allowances, 
the monitor must enter the work area to make his survey. 


Monitoring for routine operations and effluent control would 
be little affected by changes in standards except in the 
number of isotopic analyses performed. Even though effluent 
releases are well within control Limits at present, improve- 
ments in sampling techniques, off-gas cleanup, measuring 
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instruments and procedures and the general knowledge of 
meteorological and geological conditions surrounding the 
plant are constantly under study. A relaxation of standards 
would not result in a reduction of effort in these areas. 


A decrease in allowable releases or a significant reduction 
in the periods over which release rates are calculated, how- 
ever, would result in significantly increasing costs of 
monitoring, sampling, and analyzing to prove that releases 
are within control limits with little change in the total 
contamination discharged. Actually, a requirement that 
liquid waste releases be controlled over very short periods 
would probably result in larger total releases through con- 
tinuous discharge at near the limit rather than occasional 
batch dumping at instantaneous rates a few times the average 
limit. 


' Since samplers, instrumentation and procedures are severely 
taxed at present to follow instantaneous contamination levels, 
a very great amount of development effort would be required 
to make significant improvements in the ability to measure 
accurately these very low levels, if such accomplishments 
are at all possible. 


Within rather wide limits, plant and equipment design is 
influenced to only a minor extent by radiation standards. 


Plant design with respect to shielding is not greatly af- 
fected by radiation tolerances within the general range of 
existing limits. Process and equipment shielding is generally 
designed for minimum practical exposure levels based on the 
maximum expected radiation levels. For those areas where 
applicable, consideration is given to exposures that could 
possibly result from either chemical or nuclear accidents. 
Generally, shielding required for routine operation is ade- 
quate to prevent serious exposures in case of accident. The 
radiation experienced by personnel then is primarily the re- 
sult of non-routine operations such as maintenance work, 
cleanup of minor spills from equipment failure, or special 
handling of solutions to obtain specific technical informa- 
tion and from monitoring to determine the allowable working 
times for these operations. 





Criteria and Standards in Controlled Areas at Fernald 





APPENDIX F 
APPLICATION OF RADIATION PROTECTION STANDARDS AT THE FERNALD PLANT 
” Prepared by 


NATIONAL LEAD COMPANY OF OHIO 
Cincinnatti, Ohio 


s 


The radiation protection criteria and standards used at 
the Fernald FMPC are those of the contract operator, the National 
Lead Company of Ohio. These standards were arrived at by using 
the recommendations of the National Committee on Radiation Pro- 
tection which appear in Handbooks 59 and 69, issued by the 
National Bureau of Standards. Members of the NCRP have repeatedly 
emphasized that in their opinion these are only recommendations 
and that they require interpretation and implementation to be used 
properly. 


AEC Manual Chapter 0524 states that the Commission has 
adopted the recommendations of the NCRP and that they should be 
wholly complied with by the AEC and AEC contractor personnel with 
certain specific exceptions. By-and-large, our standards consti- 
tute our interpretation of the recommendations of the NCRP and of 
the intent of these recommendations. 


When the National Lead Company of Ohio standard for air- 
borne uranium was first adopted, it was based on Handbook 52, 
which has since been superseded by Handbook 69. Handbook 52 recom- 
mended an MPC of uranium in air equivalent to 110 to 114 d/m/M 
for a 40-hour week. By administrative decision we adopted as our 
standard 70 d/m/M? so that it would not be necessary for our Health 
and Safety Division to keep accurate records of the time each em- 
ployee was exposed each week. 


Handbook 69 was issued in June of 1959 and revised upward 
the MPC of natural uranium in air to the equivalent of 270 d/m/ 
for a 40-hour week. We have continued to use our previously estab- 
lished standard of 70 d/m/M because 1) we feel that it is obtain- 
able, 2) it gives a better comparison of present conditions to 
past conditions, and 3) it is in keeping with the NCRP’s recom- 
mendation that “it is strongly recommended that exposure be kept to 
@ minimum insofar as is practicable." 
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It is evident, therefore, that the National Lead Company 
of Ohio's standard for airborne normal uranium contains a signifi- 
cant safety factor over and above the recommendations of the NCRP 
as they appeared in Handbook 52 and as they are now given in Hand- 
book 69. 


In the case of exposure to external radiation the National 
Lead Company of Ohio standards do not have a comparable, self- 
imposed "safety factor.'' We are, in fact, experiencing difficulties 
in operating some of our unit operations within the levels recom- 
mended by the NCRP. These levels are outlined in Handbook 59, 
issued in September, 1954, and in the addendum to this handbook, 
issued in April, 1958. This addendum cut the previous MPD for gamma 
rays from 15 rems per year to 5 rems per year. It also cut the MPD 
for beta radiation from 30 rems per year to 10 rems per year. We 
have experienced no difficulty with the reduction in the gamma dose; 
our difficulty has been with the reduced beta dose. 


This addendum recognized "the impact of these changes and 
the time required to modify existing equipment and installations." 
It further recommended ‘on the basis of present knowledge that a 
conversion period of not more than five years from January, 1957, 
be adopted within which time all necessary modifications should be 
completed." 


During the period since the publication of the addendum 
to Handbook 59, we have carefully reviewed beta exposures through- 
out the FMPC operations. We have pin-pointed some areas where an 
employee may not be employed 40 hours a week and 50 weeks a year 
without exceeding the handbook limits. We have succeeded in keep- 
ing all employees below the limits established by the original Hand- 
book 59 by rotation of employees through a number of different job 
assignments. Only by using the maximum flexibility provided in the 
recommendation and by extending rotation to include all available 
employees within the established work area have we been able to 
reach the yearly levels recommended in the addendum. The program 
to achieve compliance has handicapped the production capabilities 
in some unit operations, requiring that all employees be trained 
on all the jobs in the unit with the subsequent economic disadvan- 
tage. We are continuing our study of the problem in an endeavor 
to reach an adequate solution. Any solution to the problem will 
require a substantial expenditure of capital funds to revise the 
operation, 
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We are deeply concerned with this situation, since we can 
find no data to substantiate the restrictive beta levels contained 
in the addendum to Handbook 59. From our review of the situation 
we believe that the reduction in gamma dose was made because of the 
opinions given by the Committee on Genetic Effects in “The Biological 
Effects of Atomic Radiation--Summary Report" published by the 
National Academy of Sciences--National Research Council. The sub- 
sequent reduction in the beta dose, on the basis that the beta dose 
had previously been quoted as twice the gamma dose, is in our 
opinion not substantiated by valid evidence. Basically, beta 
radiation is relatively non-penetrating and is therefore of little 
or no importance genetically; and we feel that it should not have 
been reduced when the gamma dose was reduced. 





Admittedly, by the redesign of some of our facilities, 
we could operate at or slightly below the beta levels recommended 
by the NCRP. We are of the opinion, however, that the expenditure 
of funds for the necessary redesign and reconstruction of our plant 
is unwarranted. 


In "The Biological Effects of Atomic Radiation--Summary 
Report" referred to above, in the section devoted to the Report of 
the Committee on Pathological Effects, the following statement is 
made: "Despite the existing gaps in our knowledge, it is abundantly 
clear that radiation is by far the best understood environmental 
hazard. The increasing contamination of the atmosphere with po- 
tential carcinogens, the wisespread use of many new and powerful 
drugs in medicine and chemical agents in industry, emphasize tte 
need for vigilance over the entire environment."' The many con- 
tradictory statements made by experts in the field of radiation pro- 
tection at times suggests that radiation is the least understood 
environmental hazard. We are in agreement with the above quotation 
and also with the statement in the addendum to Handbook 59 which 
states that "the changes in the accumulated MPD are not the result 
of positive evidence of damage due to the use of earlier permissible 
levels." No evidence has been presented to indicate that beta doses 
several orders of magnitude above the present standards would pro- 
duce evidence of skin damage. We feel that the change in the beta 
dose has caused confusion not only to the public but even to those 
involved in radiation protection. 
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Criteria and Standards in Uncontrolled Areas at Fernald 


For several years we have been furnishing detailed reports 
of our liquid effluents to the State of Ohio, Department or Health. 
We have worked closely with the State group, who also sample the 
Great Miami River both above and below our outfall. On the average 
the amount of uranium released to the River has been two orders of 
magnitude below the levels recommended by the NCRP. 


Uranium released to the atmosphere has averaged five per 
cent of the NCRP values. More complete detail will be given in a 
report being prepared for the Atomic Energy Commission. Since it 
is expected that similar reports will be submitted each quarter, 
the subject will not be discussed further here. 


Costs 


The problem of criteria and standards and the evaluation 
of the degree of our compliance with the AEC Manual is the responsi- 
bility of the Health and Safety Division at the National Lead Conm- 
pany of Ohio. The total cost of our Health and Safety Division is 
given below. It includes all direct charges, including the mainte- 
nance of equipment used in this Division. 


Cost per Employee 


FY 1958 FY 1959 
Total Health and Safety Division $185 $ 199 
Industrial Hygiene and Radiation Dept. 46 50 
Analytical Laboratory Dept. 24 24 
Medical Dept. 53 55 
Fire and Safety Dept. 48 48 
Nuclear Safety Dept. 5 (7 mos.) 12 


Only costs for the Industrial Hygiene and Radiaton Depart- 
ment and the Analytical Laboratory Department can be considered as 
relating directly to criteria and standards for radiation protection. 


There are many other costs which indirectly are connected 
with health and safety. Devices such as dust collectors, process 
sumps and recovery systems are very important in reducing exposures 
both within and outside the controlled area. Many procedures which 
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affect housekeeping, such as the prompt vacuuming of all spills of 
dry material, also contribute to the control of exposures within 
the plant. 


It would, however, be a gross error to look upon the 
capital investment or the maintenance of the devices involved as 
being related solely to the criteria or standards for protection 
against radiation hazards. 


In a Feed Material Production Center for the processing 
of normal or low enrichments of uranium, the intrinsic value of 
the material handled dictates that such devices are essential for 
cost control. 


The cost figures given above for the Health and Safety 
Division are approximately 80 per cent salaries. If the standards 
were made more restrictive, or if they were relaxed, there waild 
be no significant changes in these costs, unless standards were 
completely eliminated. 


If the standards were made more restrictive, considerable 
capital funds would be required for revisions to our facilities to 
maintain present production rates. Only after considerable study 


would we be able to make a reliable estimate of the capital funds 
required. 


Specific Questions 


Our further discussion of the criteria and standards will 
be based on specific questions which appear in the Background State- 
ment furnished by the Joint Committee on Atomic Energy. 


1. - What are the basic problems of radiation 
protection: What are the unique characteristics of the basic prob- 
lems of radiation protection? 


Answer: The basic problem of radiation protection is try- 
ing to apply standards which lack clarity and require far too mich 
interpretation to be applied easily to the many situations which 
they are intended to cover. We can understand that it is difficult 
to develop one set of standards which apply to laboratories, re- 
actors, chemical plants, metal fabrication plants, mills and mines. 
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It is relatively easy to understand “whole body radiation" 
where it applies to an individual using a large source of external 
radiation without shielding. It is more difficult to define whole 
body radiation where an individual is handling a source where vary- 
ing amounts of shielding exist at various times. 


In many instances the standards are ambiguous; for example, 
in determining an employee's exposure to external radiation, it is 
recommended that the annual dose be limited according to the formla 
(N-18) 5 for gamma radiation. We know of at least three definitions 
for "N" in applying this formula. These are: 1) N equals attained 
age, 2) N equals age to be attained at next birthday, and 3) N 
equals age attained on April 1 of the current year. 


For the most part standards have been expressed in units 
with which lay people are unfamiliar. Terms such as curie, micro- 
curie, micromicrocurie, rems, rads, etc., are completely unmeaning- 
ful to the average layman. They are, at best, very difficult for 
line supervision in an industrial plant to understand and apply. 


If and when different standards are developed, there will 
then be--as there is now--a very serious need for education in apply- 
ing the standards. Such education should be directed along the 
lines of "Living with Radiation" by Francis L. Brannigan of the 
U. S. Atomic Energy Commission. The material must be presented 
in language which can be understood by all who are involved in the 
application of each standard. 


2. - Why do present criteria and standards 
cause public confusion? 


Answer: Despite the fact that from the experts point of 
view “radiation is the best understood environmental hazard," there 
has been no agreed point of view on the part of the experts. The 
recommendations of the NCRP have been changed, though they them- 
selves state that "the changes have not been the result of positive 
evidence of damage due to the use of earlier permissible levels." 
Such statements weaken the overall case and cause confusion. The 
standards should be stated definitely and positively. 


3.- What "safety factors" 
are built into-the present radiation protection standards and 
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criteria? How "conservative" are the standards? To what extent 
are present standards based on acute radiation effects? 


Answer: This is difficult to determine. In our opinion, 
the standards are very conservative. NBS Handbook 59, entitled 
"Permissible Doses from External Sources of Ionizing Radiation," 
page 1l, states, "A skin dose of 700 r of hard X-rays will produce 
a slight erythema of the skin of the average person if it is given 
in a short time, but will produce no apparent changes at all if ad- 
ministered in fractional amounts or continuously over a period of 
one month. There is in this case an interplay between the rate at 
which damage is causea and the rate at which recovery takes place. 
To produce a mild erythema by intermittent irradiation over a 
period of one month, the total dose would have to be about 1900 r 
instead of 700 r." As explained earlier, the beta dose to the skin 
is presently established at 10 r in one year. 


_4e- From a policy and economics point of 
view, to what extent can experience and practice in developing 
criteria or standards for hazards other than radiation be applied 
to radiation hazards? 

oa 

Answer: In the case of other hazards, the standards, 
by-and-large, were developed on the basis of trial and error. 
People died; others were seriously injured; and an understanding 
of the hazards were developed slowly. Standards were developed 
equally slowly but on a very positive basis. Today we seem to 
want something for nothing. We want the industry to progress 
rapidly, but we seem to feel that the price should be zero. We 
cannot have progress at the rapid rate which seems to be desired 
and not pay a price. We must cease to shoot for absolutely zero 
risk. Instead we must evaluate the probable gains and the possible 
costs; then we must take a calculated risk. This should not be 
great risk, but neither can it be zero. 


The degree of risk could be greatly reduced in the case 
of uranium if we spent a little more time reviewing the results 
of human exposure. In the fields of refining and metal fabrica- 
tion several thousand people have already been exposed to varying 
concentrations of uranium over a period of 18 years. Many valuable 
medical and exposure records were carefully compiled at Lowa State, 
Harshaw Chemical Company in Cleveland, Electromet at Niagara Falls, 
Linde Air Products at Tonawanda, Union Carbide at Oak Ridge, 
Mallinckrodt Chemical Works at St. Louis, National Lead Company of 
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Ohio at Cincinnati, and probably many others. There has been no 
follow-up on long term effects of these exposures. The University 
of Cincinnati has recently expressed an interest in this subject 
and is exploring the possibility of an adequate study with the 
Division of Biology and Medicine. 


The fact remains that humans have been exposed and human 
information is available. Such information would be much more valua- 
ble in establishing standards than the present method of extra- 
polating from animal exposures. 


5. - Discuss the "philosophy of allocation" 
of exposure. 


Answer: This is a very normal and usual thing in indus- 
try. It is used in rotation of men with picks and shovels and all 
other types of work where people have equal skills. We believe 
that it is right and proper to apply this philosophy to radiation 
standards. It appears to us to be in keeping with the NCRP's recom- 
mendation: "It is strongly recommended that exposures be kept to 
a minimum insofar as is practicable."' We interpret this to mean 
that all shall be kept below the MPD and all as far below this 
level as is practicable. 


6. - To what extent can radiation protection 
problems--occupational or environmental--be solved in practice 
without the use of any radiation protection criteria or standards? 


Answer: In our opinion, without criteria and standards 
there can be no control. A reference point is essential if we 
are to have radiation protection. 


7.- To what extent is flexibility--''guide" 
or "criteria''--desirable as opposed to rigid standards? 


Answer: Flexibility is essential. For instance, de- 
termine a maximum permissible dose for a reasonable period--say 
one year--but allow the quarterly dose to be averaged. Example: 
5 rems of gamma would be permissible in any quarter provided the 
other three-quarters are worked in a job involving no exposure. 
Standards should always be reasonable and practical. 
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3. Considering the variety of exposure sources and conditions, 
how many -~ or how few -- basically different sets of criteria or standards 
are appropriate? 


Answer: We believe that several standards are required. 


1. A basic or reference standard. This should be based on the best 
human data available, with animal data used only where human data 
does not exist. It should contain clear, concise definitions which 
may be used in interpreting the standard. This standard should be 
subject to change only when irrevocable information dictates that 
changes are warranted. 


2. Special standards. A special standard should be developed for 
each separate field of the atomic energy industry, such as mines and 
mills, refineries, fuel fabrication, isotope separation, reactor opera- 
tion, etc. 


It would be difficult to determine exactly how many standards are necessary. 


We believe that the approach being teken by the American ‘Standards Association is 
very practical. 


9. How important is uniformity? 
Answer: If we had special standards developed by experts in each field, 


it would be more important to have the basic standard intelligently interpreted 
than to strive for uniformity. 


10, Discuss how radiation protection standards or criteria relate to: 


(a) control of radiation or contamination at the source, i. e. 
before exposure occurs 


(b) control of individuals subject to exposure 


(c) types of measurements that can be made under routine operating 
circumstances 


(d) the extent of personnel or environmental monitoring 


Answer: We believe that the four sub-headings mentioned under this subject 
would be important points in the development of special standards recommended above. 


ll. Who should develop needed policy, criteria, or standards? 
Answer: We feel that the policy and standards for radiation protection 


should be the result of the combined efforts of the National Committee 
on Radiation Brotection, the American Medical 
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Association, and the American Bar Association. There is no question 
regarding the NCRP's technical eminence in the field of radiation 
protection standards; however, we feel that the AMA and the ABA 
could furnish valuable assistance in the development of standards 
which undoubtedly will have profound effects on the medical and 
legal professions. Even if the function of such a group is merely 
recommendatory, there is little question that these recommendations 
will result in administrative and statutory regulations. This has 
happened in the past and certainly will continue in the future. 

The Atomic Energy Act of 1954 already provides for criminal penal- 
ties for the wilful violation of regulations based on NCRP stand- 
ards and although the regulations do not specifically provide for 
civil liability for the breach of health and safety standards, the 
effect is practically the same. Spokesmen for the legal profession 
foresee a trend toward strict civil liability for anyone who ex- 
ceeds the maximum permissible levels and it seems apparent the 
standards are now being used to prove or disprove liability under 
negligence and workmen's compensation doctrines. 


Since the purpose of the standards is the protection of 
the health of the populace, the medical profession's participation 
in developing standards is essential. 


For these reasons, we strongly recommend that the stand- 
ards be re-evaluated and established on the basis of physical and 
genetic harm rather than the lowest levels that can be achieved. 
As indicated above, we feel that such standards could best be de- 
veloped by a tripartite group consisting of the NCRP, AMA and ABA. 


We believe that the AEC should continue to develop and 
administer regulations applicable to its contractors and licensees. 
Provisions are present in the Atomic Energy Act of 1954 for turning 
over certain of these responsibilities to the states when they are 
able to handle these problems. We see no reason for modifying these 
procedures. 
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APPENDIX G 


APPLICATION OF RADIATION PROTECTIVE STANDARDS AT THE SAVANNAH RIVER PLANT 


Prepared by 
E. I. DUPONT DE NEMOURS COMPANY, INC. 


Wilmington, Delaware 


Management Philosophy in the Application of Radiation Pro- 
tection Standards 


Major production operations in the radiochemical field began’ 
under wartime conditions. No complete standards of exposure 
to ionizing radiation, as we know them today, were available 
for reference. However, there was a body of operating knowl- 
edge available from various sources which was of great help 

in setting up satisfactory operating plants. This information 
came from radium chemistry, X-ray technology, and to a limited 
extent from the recorded results of ill-advised medical treat- 
ment. 


The rapid changes in industrial technology between the two 
world wars, with the attendant increase in industrial risks 
both to the employees and to the public, brought about a 
realization of responsibility on the part of forward-looking 
industrial management which was in great contrast to the 
situation prior to 1918. It was no longer considered a law 
of nature, for example, that hard rock miners should die at 
an early age or that all painters eventually get colic, or 
that explosives operators suffered from cyanosis. 


Experience in designing and operating the wartime atomic 
energy facilities at Hanford convinced us that these opera- 
tions could be as safe for the employee and the public as any 
chemical operation. Our experience at Savannah River has 
confirmed this philosophy. 


When the processing of larger amounts of radioactive materials 
began in 1944, the ability to detect small amounts of radio- 
active materials was already well enough developed to act as 
operating guide lines although most of the elements with which 
we had to contend were new. This being the case, it was not 
necessary to know in detail biological tolerance levels with 
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accuracy; it was only necessary to operate with such a degree 
of cleanliness as to be comparable to safe radium handling. 


Our previous experience in the chemical and explosive indus- 
try had taught us that there is no substitute for cleanli- 
ness in operation as a protection to employees. There are 
some instances where this philosophy may increase the original 
capital cost of plant and equipment but we are convinced that 
it has long range cost merit in addition to its obvious 
humanitarian aspects. If the radiochemical industry as a 
branch of the nuclear power and explosive industry has long 
range merit, it should be able to support the full cost of 
safe operation. 


If we assume that this industry is to grow, we must be pre- 
pared to live with the by-products. If we are not extremely 
self critical with respect to by-product leakage to the 
environment, the long range over-all advantages of atomic 
power may be wiped out. One may reasonably be more tolerant 
of lax standards in laboratory or experimental work but the 
tightest possible control of plant operations is necessary 
in this field to prevent intolerable accumulation which can 
be extremely costly in later years. 


It is hard to draw analogies between the usual poisons and 
radioactivity. The organic insecticides, for example, are 
very toxic but their life under normal weather conditions 

is short. The inorganic poison elements, such as arsenic, 
have a great tolerance variation depending on their chemical 
state. The life of a radioactive material in any environment, 
on the other hand, is related almost entirely to a firm physi- 
cal law over which man has no control. 


The chemical industry learned the hard way about such hazards 
as aniline poisoning, chemical dermatitis, tetraethyl lead, 
beta naphthylamine, organo phosphates, and many others. The 
explosive industry learned by experience the necessity for 
dispersion of plants and magazines. 


The piloting which the radium industry did for the atomic 
energy industry made it possible to operate without the cost 
in human lives which in generations past has been associated 
with new industries. We who have been associated with the 








RIT TORT LO TALE T IOS SE TE 


wES 


7 


T95E 


ET OO oD 


are 


ee ho 


— 


Se 


ITSP ROP TE Tee 


Pag OGRE Ea 


SORE SRE PEO TH NL 


El. 





RADIATION PROTECTION CRITERIA AND STANDARDS 787 


industry since the beginning should consider ourselves fortu- 
nate and continue to maintain our high standards of cleanli- 
ness confident that in the long run the money spent for this 
purpose is well spent. 


With the rapid growth of industry during the past generation, 
the problem of general environmental contamination has re- 
ceived more and more public attention. This attention has 
quite properly reflected itself in legislation at the City, 
State, and Federal levels. As our population increases and 
their wants become more and more sophisticated, the burden 
on our soil, water and atmosphere will become more and more 
acute. The public has a right to expect a more critical ap- 
praisal of waste effluents by the industries which generate 
them than in the past. We believe, in general, the atomic 
industry has been forward thinking in this respect; it should 
continue to be so in the future. 


To be consistent, we believe that the industry must look forward 

to complete confinement of all long life radioactive materials. Any 
other attitude will pose future problems very difficult and expensive 
of solution. It would seem tragic to discover in the year 2000 

that improper confinement in prior years had made limited use of 

some of our water and land necessary, and this by an industry which was 
hailed with so much hope in 1960. 


Application of Radiation Protection Standards to Plant Operations 


At the Savannah River Plant, the bases for the radiological standards for 
manufacturing and technical operations are the recommendations of the NCRP 

as published in the National Bureau of Standards handbooks. While the 

Plant standard for external exposure isidentical to the recommendations of 

the NCRP, including the concept of relating permissible accumulated dose 

to the age of the individual, the age concept is not used in the administra- 
tion of the standard. At this large production facility, the practical 
difficulties involved in the application of the age factor cause us to simply 
use 5 rem per year as the maximum annual dose for penetrating external radia- 
tion and 10 rad per year as the maximum annual dose to the skin. Within 

these values, the Plant established 3 rem and 6 rad per year as the control 
limits for penetrating and skin exposures, respectively. This 60 per cent 
factor is used for several reasons. Even with skilled Health Physics personnel, 
workers in areas where dosage rates are high are difficult to accurately 
monitor due to their movement through the radiation gradients in the work 

zone. Current technological limitations in the measurements of mixed qualities 
and types of radiation prevent, in some instances, refined determinations of 
personnel expesures. Beyond these considerations, the Plant 
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recognizes an obligation to conduct normal operations using 
exposure limits as far below the NCRP recommendations as 
practical in order to manifest the philosophy of both the 

ICRP and NCRP of reducing exposures to radiation to a minimm. 


The application of the NCRP recommendations of the maximum 
permissible concentrations of radionuclides in air and water 
is less meaningful in many SRP operations than NCRP recom- 
mendations for external exposure. Complete avoidance of external 
exposure is impossible unless the Plant is shutdown, : 
Total protection of employees from internal contamination is 
feasible by design and construction of the facility and by 
use of respiratory equipment or air-supplied suits which en- 
close the entire body. In a production facility, especially 
in a radiochemical separations plant where macroquantities of 
fission products, uranium, and transuranic elements are pro- 
cessed, the immediate evaluation of the degree of inhalation 
hazard is problemsome. At the Savannah River Plant, whenever 
airborne contamination is probable in a work area, respiratory 
protection is worn by personnel until monitoring shows that 
essentially no airborne activity is present. The decision of 
whether this probability exists is made by Health Physics and 
Operating supervision in the facility prior to commencement 
of work. The approach is one of conservativeness; when in 
doubt respiratory protection is worn. When airborne contamina- 
tion is discovered in an operating area, respiratory protec- 
tion is worn until the abnormality is corrected. 


The one exception to the above stated principle is in the case 
of tritium in air. For control purposes, the tritium hazard 
is treated similarly to whole-body external radiation. A 
tritium uptake of 1 mc by a standard man (the maximum per- 
missible body burden recommended by the NCRP) is used for 

setting time limits. Each worker exposed to tritium submits 
daily urine samples. From the bioassay result, the infinite 
dose the individual will receive, based on his particular bio- 
logical half life, is calculated and added to any penetrating 
radiation exposure he may have accumulated. The control sys- 
tem operates so that both the employee and his supervision 
can be informed of the degree of tritium assimilation, if any, 
at the beginning of the next working day. 


ARTS TOFS RES TAREE RD 


REP IE a RON Cs 











RADIATION PROTECTION CRITERIA AND STANDARDS 789 


To implement the Plant standards, Special Hazards Bulletins 
provide the day-to-day policy for radiation work. These 
bulletins, written within the framework of the Radiation 
Hazards Standards, define- the conduct of radiation work 
throughout the Plant. While the standards receive limited 
distribution, the Special Hazard Bulletins are available to 
all Plant personnel. The contents of the buiietins may be 
further expanded in operating procedures. 





Each first-line supervisor is cognizant of the radiation dose 
status of his employees. This information is provided him by 
the Special Work Permit which is the record of the radiation 
exposure of personnel assigned to each radiation job. On a 
bi-weekly basis, if necessary, the Personnel Meters group can 
provide the supervisor with film badge results. Using this 
information, he may rotate personnel within his group throughout 
the year to obtain equal distribution of exposure. If his 
personnel, because of the group's particular function, col- 
lectively receive exposures approaching the control limit, 
they may be temporarily reassigned to other groups within the 
department which experience less radiation work. 


| 


ES AERA 


Since a standard is defined as a model of performance, it can 
5 serve as an effective index to which actual performance can 
- be compared. Not only are the numerical values which the 
NCRP recommends compared against Plant performance, but 
equally important, its general philosophy of protection, that 
is, "avoid all unnecessary exposure", is included in the com- 
parison. At the Savannah River Plant, the techniques and pro- 
a cedures of measurement necessary to audit an individual's ex- 
fs ternal and internal exposure have rapidly progressed during 
recent years. The film badge program can accurately determine 
annual gamma exposures as low as 250 mr with qualitiative esti- 
mates possible below that value. Neutron exposures as low as 
800 mrem per year. can be measured. The present analytical 
procedures used by the Bioassay Group can define less than 
one per cent of a maximum permissible body burden for the 
radionuclides processed at SRP. 
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Three employees have accumulated penetrating radiation exposures to the 
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whole body greater than the control limit of 3 rem per year since the establish- 


ment of this limit in January 1958; the maximum annual penetrating radiation 
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IIL. 


rad (The SRP control limit is 6 rad). Since plant start=up, the maximum 
annual exposure to whole body penetrating radiation was 3.9 rem and the 
maximum annual second dose was 8.1 rad. The maximum assimilations of radio- 
nuclides by SRP workers since start-up, based on current NCRP recommendations, 


were ----(Bt-" 
Plutonium: 0.012 pe or 30% of the NCRP maximum per- 
missible body burden (MPBB). 


Fission Products: 0.06 pc or 3% of MPBB (pessimistically 
assuming the contaminant was sr29), 


Uranium (natural): .1.5 x 1072 we or 300% MPBB. ; 
Tritium: 153 me or an infinite dose of 10.25 rem. 


Application of Standards to Control of Environmental Radio- 
activity 


It is the policy of the Savannah River Plant to limit radia- 
tion exposures which may be incurred by persons, either at 

the Plant or in its environs, to levels which do not constitute 
a hazard to health. The National Committee on Radiation Pro- 
tection defines values of maximum permissible body burden for 
various radionuclides. The Savannah River Plant limits the 
discharge of radioactive waste in such a manner that human 
uptake of these wastes from air, water and food will not re- 
sult in body burdens of radioisotopes greater than the maxi- 
mum permissible levels set for off-site populations by the 
NCRP. The basic principle guiding Plant operations is total 
containment of radioactive waste. High and intermediate 

level liquid waste is evaporated and then stored in under- 
ground tanks. Scrubbing and filtering systems minimize the 
radioactive content of process air before it is dispersed from 
high stacks. Radioactive solid wastes are buried. Only the 
very low level gaseous and liquid wastes are released and then 
under conservative controls that insure public safety. 


Considering the above factors plus previous operating experi- 
ence, Waste Release Standards were written and are used to 
govern the release of radioactivity in stack gases and liquid 
effluents to both streams and seepage basins. The Waste Re- 
lease Standards are attached (Attachment A). While it is 
ultimately desirable to calculate standards on the basis of 
total dose to the population in the environs of the Plant, 
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dietary variables and the current incompleteness of data 
necessary to accurately assign discrimination factors in the 
food chains cause us to continue to use comparisons with the 
maximum permissible concentration values to determine Plant 
performance. Recently, in an effort to assist in interpreting 
the data collected in the environmental monitoring program, 

the MPC values for 1131 (chronic exposure) were calculated 

for eight foods considering the dietary, anatomical and physio- 
logical characteristics of 20 categories of people. Consider- 
ing the relation between the concentration of [131 in pasture 
grass and in cows' milk, the MPC value (chronic exposure) for 
pasture grass was established. The MPC values (acute eyggeure) 
for the eight foods and Bermuda grass for yi31, y32, r133 

and 1135 were also calculated. This refined method of calcula- 
tion will be used to determine similar values for other radio- 
nuclides in food when sufficient biological data becomes 
available. 


The limits defined in the Plant standards are not considered 
desirable discharge levels, instead, release of any radio- 
active waste to the environs is minimized to the best of our 
ability. The goal is no radioactive contamination of air and 
water, as measured at the Plant perimeter. If such a goal 
cannot be attained, the average release levels will be kept 
as far below standard limits as possible. 


Air and water are the major dispersal media for radioactive 
waste. Thereafter, forms of life that may conceivably come 

in contact with wastes are routinely monitored to insure a 
safe environ and food supply for man and his domestic animals. 
The Regional Monitoring program of the Plant utilizes very 
sensitive instrumentation and analytical procedures which 
makes it possible to detect traces of radioactive material 
several orders below that of possible hazard significance. 
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Continuous and periodic checking is carried out to verify 
that performance criteria are being followed and the Stand- 
ards are being met. This monitoring occurs 


l. At the point of release to the environs, i.e., in the 
process stacks and pipe lines. 


2. On the Plant site. 
3. At the Plant boundary. 
4. In the public zone. 


The Savannah River which bounds the Plant for 22 miles serves 
as the major drainage system in this region. All of SRP's 
manufacturing areas are located in its watershed. Typical of 
all environmental segments, the river has been monitored ex- 
tensively and continuously, both prior to Plant operations and 
since startup, to insure compliance with the NCRP recommenda- 
tions. 


Application of Standards to Plant Design 


The design of new SRP facilities in which radioactive materials 
will be stored or processed are based on the recommendations 
of the NCRP as expressed in the Plant's Radiation Hazard Stand- 
ards. The SRP standard concerning shielding requires 


1. All shielding installed in buildings for continuous occu- 
pancy shall be designed to give a radiation field no 
greater than 1 mrem/hr on the operating side. 


2. All shielding installed in buildings for intermittent 
occupancy shall be designed to give a radiation field no 
greater than 6.25 mrem/hr on the operating side. Health 
Physics must concur in exceptions to this rule. 


3. Shielding must be tested for adequacy during startup pro- 
cedures whenever practical. Special care should be used 
to check for unexpected "windows'' due to faulty concrete, 
embedded pipes, or the Like. 
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The cost of constructing an adequate biological shield to 
fulfill the above requirements varies depending upon the 
function of the facility. Where tritium is processed, no 
shielding is required. In contrast, the cost of the bio- 
logical shielding for the heavy water test reactor currently 
under construction at SRP is $250,000. Most attenuation 
problems are of an order of magnitude in between these two 
extremes. Each is solved uniquely according to the criteria 
established by the Plant standard. 


The design of plutonium facilities illustrates an example 

where the current NCRP recommendations are so restrictive 

that the designers receive no benefit from the recommended 
numerical values but must incorporate the philosophy of com- 
plete containment. Therefore, total isolation of the operating 
personnel from the plutonium is mandatory in the design con- 
cepts. 


Another aspect of the use of the NCRP recommendations in the 
planning of SRP facilities is that of radioactive waste dis- 
posal. At SRP, which is actually a mlti-plant operation, 

the contribution to the environ of each facility mst be 
evaluated separately to insure that the summation of the indi- 
vidual contributions does not exceed permissible limits. In 
essence, the principle guiding our design is that of total 
containment. This principle is compromised only when the 
economics are substantially in favor of some other approach 
and when it can be assured that radioactivity at the site 
boundaries will be substantially below the maximum permissible 
concentration allowed by the Waste Release Standards. In 
fact, every effort is made to maintain discharges at such 
levels that the normal background is not raised appreciably. 


The Radiological Engineering group of the Health Physics Sec- 
tion audits all design criteria of facilities in which radio- 
active materials will be present to insure complete conformance 
with Plant standards. Besides this audit function, they assist 
in the application of the Radiation Hazards and Waste Release 
Standards during the facility design. 


Effect of NCRP Recommendations on Operating Costs. 


NCRP recommendations have an impact on operating costs at the 
Savannah River Plant as at other atomic energy sites. This 
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is because the NCRP recommendations reflect the hazards of 
radiation and to avoid these hazards we alter our practice. 
Underwater maintenance, master-slave facilities, glove box 
operations, all require Larger costs per unit operation than 
if done by normal industrial techniques. 


Yet, the costs do not have a direct relationship to the re- 
strictiveness of NCRP recommendations. For example, if the 
NCRP recommended that the maximum permissible concentrations 
in air and water for all radionuclides were decreased (or 

made more restrictive) by a factor of ten, the net effect 
would be rather insignificant since the Plant operates 
routinely below that factor. In the reactors, where tritium 
exposures are treated similarly to whole body external radia- 
tion, the effect would be more frequent use of the inexpensive 
plastic suits. SRP waste management philosophy has already 
discounted a further restriction by a factor of ten and there- 
fore would not be affected. Likewise, a relaxation of the 
standards on those materials which accumulate in the body by 
a factor of ten would not save on operating costs. A tighten- 
ing of the standards on external radiation by a factor of two 
would be marginal and a factor of ten would increase the cost. 
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(Appendix G) 
ATTACHMENT "A" 


WASTE RELEASE STANDARDS 
Release of radioactive liquid waste from the reactor area to 
plant effluent streams is subject to the following Limitations: 


a. Sr90 not to exceed 0.7 curies/month/area. 


b. Nonvolatile beta emitters other than Sr? not to exceed 10 
curies/month/area.* 


c. Alpha emitters not to exceed 0.7 curies/month/ area. 


Release of radioactive aqueous waste containing oil or chemicals 


from the reactor areas to disposal pits is subject to the follow- 
ing limitations: 


a. Pu not to exceed 4 mc/month/area. 
b. Sr99 not to exceed 35 mc/month/area. 


c. Total beta emitters with half-lives greater than 15 days not 
to exceed 1 curies/month/ area. 


d. Site selection for disposal pits is to be recommended by 
Health Physics with the concurrence of the Reactor Department. 


The selection will be based on stratigraphic and hydrologic 
data. 


Release of radioactive liquid waste from the reactor areas to 
seepage basins is subject to the following limitations: 


a. Pu not to exceed 0.5 curie/year/area. 


b. sr? not to exceed 0.7 curies/month/area minus direct re- 
leases to stream water. 


c. Beta onittgeu with half-lives greater than 15 days excluding 


sr?9 and H? not to exceed 40 curies/month/ area. 


* Isotopes positively identified’ and known to have radioactive half- 


lives less than 15 days may be released at rates not exceeding 200. 
curies/month/ area. 
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d. pH of the waste in the basins is to be controlled between 


6 and 9. 

e. Site selection for new basins is to be recommended by 
Health Physics with the concurrence of the Reactor Depart- 
ment. The selection will be based on stratigraphic and 
hydrologic data. 

f. Discharge of chemical waste is prohibited. 


Radioiodine release from all separations area stacks shall not 
exceed 50 curies per month. 


Release of radioactive liquid waste from the separations areas 
to seepage basins is subject to the following limitations: 


a. Alpha emitters not to exceed 0.3 curies/month/area. 


b. Sr29 not to exceed 0.1 curies/month/area. 


_¢. Total nonvolatile beta not to exceed 8 curies/month/area. 


d. pH of the waste in the basins is to be controlled between 
* 3 and 10. 


e. Salt content of the waste shall be maintained at less than 
0.1 percent as measured in the basins. 


f. Site selection for new basins is to be recommended by 
Health Physics with the concurrence of Separations and 
Separations Technology. The selection will be based on 
stratigraphic and hydrologic data. 
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* APPENDIX # 


APPLICATION OF RADIATION PROTECTION STANDARDS AT 


THE WELDON SPRINGS PLANT 


Prepared by 


The Mallinckrodt Chemical Works 
St. Louis, Missouri 


The Weldon Spring plant was designed and constructed to 
process normal uranium feed concentrates. These concentrates are 
produced elsewhere by benefaction processes which upgrade ores of 
low uranium concentration. The benefaction processes generally 
remove most of the daughters of the uranium chain. For this reason, 
these feeds do not contain the proportion of gamma emitting nuclides 
found in high grade ores, such as pitchblende, and do not give rise 
to serious gamma radiation exposure problems. Thus, the external 
gamma exposure problems at Weldon Spring are minimal compared to 
those at the Destrehan Plant where large quantities of pitchblende 
were processed. 


Alpha radiation is present throughout the Weldon Spring 
process and is the predominant radiation problem. Beta radiation 
from UX, and UX2, the daughters of U-238, is the next most prevalent 
radiation problem. Gamma radiation is generally of low order and 
not a serious radiation problem by present day dose criteria. 


Nowhere in the process is there a source of acute external 
exposure to penetrating radiation; however, there is potential for 
acute exposure to the chemically toxic alpha emitting uranium. 

There are no sources of criticality and no source of neutron genera- 
tion. 


From the viewpoint of application of radiation protection 
standards, the operation is mainly concerned with the following 
problems: 

1. Very low level chronic external gamma exposure. 


2. Low level to moderate chronic external beta exposure. 


3. Chronic and acute air concentrations of uranium 
(Primarily a chemical toxicity problem) 


797 











798 RADIATION PROTECTION CRITERIA AND STANDARDS 


4. Very low level potential for off-site contamination 
of air and/or water with beta or gamma emitters. 


5. Alpha surface contamination (from uranium) throughout 
the process area. 


Uranium has historically been the radiation ''orphan." 
Since it does occur in nature, it obviously cannot be completely 
eliminated as a source of environmental contamination. If generally 
accepted guides for the control of alpha surface contamination were 
applied to all uranium work, it would in fact be impossible to mine 
the ores or even occupy some areas of the world. On the other hand, 
uranium is an alpha emitter and as such, when present as a surface 
contaminant, it can greatly confuse the measurements normally used 
at some sites for the control of materials such as plutonium. 


The Mallinckrodt Uranium Operations have traditionally 
held to the conservative side of the prevailing radiation protection 
standards for external dose, internal emitters, and release of 
materials to the environs. From the practical viewpoint, these 
operations have always looked upon the prevailing standard as an 
upper limit guide. Operational controls have been aimed at. main- 
taining average exposure at less than one-half the upper limit 
guide. The wisdom of this position has been confirmed by the steady 
reduction in the recommended radiation protection levels. 


Uranium refining operations have been based upon a philo- 
sophy of containment, ventilation with air cleaning, shielding, and 
planned operational procedures. Radiation protection measures have 
generally been integral with the design of each operation so that it 
is seldom possible to assign a direct cost to radiation protection. 
Production technology has played an important role in reducing per- 
sonnel exposures and many of the present day production methods had 
their origin, in part, in a search for a "healthier" method of pro- 


ducing goods. A few of the important items which have been developed 


in past years are: 


1. Substitution of closed circuit continuous processes 
to produce UO? and UF4 to eliminate the dust ex- 
posures inherent with the original open tray, batch 
processes. 


2. Redesign and partial remote control of vacuum casting 
facilities at Destrehan to reduce the high chronic 
beta exposures encountered in early casting operations. 
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3. Development of direct ingot casting operations to 
further reduce the beta exposures inherent with 
vacuum casting. 


4. Closed circuit mechanical and vacuum conveying systems 
to eliminate uranium dust exposures inherent with 
manual handling and packaging operations. 


Although the old Destrehan Plant never approached the 
zero exposure level for either internal or external emitters, it 
was in a constant state of improvement such that whenever radiation 
protection standards were lowered the plant had generally already 
achieved the lower level and was able always to continue operation 
without interruption because of the new lower standard. 


The technology developed at Destrehan was applied to the 
design of Weldon Spring. Here again it is not practical to assess 
the cost directly attributable to radiation protection because these 
features are integral with process technology. If radiation pro- 
tection requirements had been completely ignored in the design of 
Weldon Spring the total cost of construction would not have been 
significantly lower. If all ventilation, dust collection, fume 
collection, and other containment features were charged against 
health requirements, then the cost would amount to approximately 
10% of the total. However, if these features had not been included, 
the loss of product and general operating cost would be substantially 
greater than at present. 


The role of the Health and Safety Department at Weldon 
Spring is one of direct assistance to Operations. Our mutual goal 
is a clean plant with low exposures to personnel, to be achieved 
by good design and efficient operational procedures. Although a 
substantial part of the cost of Health and Safety Department goes 
to measurements, and maintenance of records of exposures and con- 
centrations, the major portion of the cost is directed to operations 
assistance through improved process technology. 


Further discussion of the criteria and standards will be based on 
specific questions which appear in the Background Statement furnished by the 
Joint Committee on Atomic Energy. 


1. To what extent can radiation protection problems, occupational or environ- 
mental, be solved in practice without the use of any radiation protection 
criteria or standards? Illustrate. 
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It is necessary to have protection criteria as a base from which to work towards | 
adequate control. There must be knowledge of degree of hazard. 


The experiences of the early X-Ray workers, and the radium dial painters, and 
the uranium miners, are all classic examples of what can happen if there are 
no guides or standards. 


aie 


Without standards, the tendency might be to permit exposure up to some point 
of evidence of damage before “backing off." Because of the cumulative effects 
of radiation, it is too late to "back off" when evidence of somatic damage 
appears, and most certainly too late when genetic changes become apparent in 
future generations. 


To what extent is flexibility ("Guides" or "Criteria") desirable as opposed 
to rigidity "standards"? 


Flexibility in standards is desirable. The inclusion of administrative guides 
or statements of broad philosophy are helpful, but, do tend to become an 
integral part of the standard. The lay public tends to view a deviation from 
the guide as failure to comply with the standard. Law-making bodies may choose 
the less flexible administrative guide as the base for regulations. 


Considering the variety of exposure sources, and conditions, how many-- or how 
few--basically different sets of criteria or standards are appropriate? 
Tllustrate. 


Standards define limits. However, there is an almost infinite variety of 
combination of variables of internal-external emitters, acute-chronic 


exposures. It would seem impossible to prepare a standard to cover each 
situation. 


The scope of present NCRP recommendations is such that they provide an 
adequate base for standards for internal and external exposure conditions. 
However, more definitive criteria are needed in the following areas: 


(1) Permissible surface contamination. Is surface contamination alone a 
radiation hazard to be subject to a broad standard---or---is it a control 
device, useful as an easy method for detecting that a radioactive material 
has been released to some surface? What is the relationship between 
surface contamination and permissible exposures? What is the basis for 
@ standard or criteria? 





(2) What is a technical overexposure versus a true overexposure, particularly 
with internal emitters. 
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(a) Assume that in the course of a 40-hour work week, some worker was 
exposed for a short period of time to an air concentration of some 
nuclide greater than the Handbook 69 value: 

(1) Was the standard exceeded? 
(2) Could the condition be defined as an overexposure? 

(b) Assume that for some short period of time a worker accumulates more 
than a permissible body burden of a nuclide having a short biological 
half-life; the body burden then decreases below the permissible level 
without causing the critical organ cumulative dose to be exceeded. 
(1) Was the standard exceeded? 

(2) Was the worker overexposed? 
(3) What is a reasonable basis for legal standards? 


(a) What is the legal position of the worker and the employer with 
respect to the type of cases given in (2) above? 


How important is uniformity? Define this and illustrate. 


This point seems to relate to application of a standard rather than to the 
standard itself. 


There is a need for uniformity. If Site A elects to operate at or near the 


standard and Site B elects to operate at 1/10 the standard, then questions 
arise: 


(1) Why is Site A less concerned with human welfare than Site Bt 


(2) If the standard is adequate, why does Site B elect to hold at 1/10 the 
standard? 


(3) If the cost of protection is greater at Site B, then: (a) what is the 


justification for this increased cost, (b) if it is justified, then why 
is it not also applicable to Site A. 


Assume that Sites A and B have similar air dust concentration problems. 


Site A elects to control individual exposure by rotation of personnel 
and wearing of respirators in order to restrict individual employee 


exposure to a level at or slightly below the average "standard" 40-hour 
week concentration. 
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Site B elects to install extensive mechanical controls and process 
changes such that exposures are maintained at no greater than 1/10 
the 40-hour week level, without respirators or rotation of personnel. 


How does either site or the AEC defend its respective position relative to 
points (1), (2), (3) above? 


In the public eye, Site B has done a better job because exposures are lower, 
despite the fact that cost is greater. Site A may be criticized (or worse ) 
for being poor by comparison even though it has fully complied with the 
standard. The practices established by Site B may eventually become 
"Standard." 


Regardless of the final point of uniformity, it should require a "clean" 
operation in which exposures do not exceed the standard. However, some 
philosophical or procedural guide might define just what performance is to 
be achieved. 


Discuss how radiation protection standards or criteria relate to 


(a) control of radiation or contamination at the source, i.e., before exposure 


occurs. 


(>) control of individuals subject to exposure. 


(c) types of measurements that can be made under routine operating circumstances. 


(a) the extent of personnel or environmental monitoring. 


A true standard would not be concerned with items (a) through (4) in the 
reference. Each of these items cover a range of variables outside of the 
scope of a standard. However, an expression of AEC philosophy or practice 
regarding the application of a standard to these points would develop uni- 
formity and could lead to "accepted operating practice" which would be a 
valuable criteria. 


(a) Radiation or contamination should be controlled at the source. However, 
this does not mean absolute control nor does it mean the same degree of 
control of all materials which are radioactive. The minimum control 
required is that which assures compliance with the levels of exposure 
permitted by the standard. 


(>) Persons subject to exposure must be controlled through a monitoring program 
which is adequate to determine that the exposures permitted by the standard 
are not exceeded. The requirements for the monitoring program must accom- 
modate the exposure situation at hand, there is no one program to fit all 


situations. However, similar situations should be handled by similar 
_ programs. 
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(c) It is possible that the standard could specify the type of measurement. . 
j However, this appears to be a monumental job for the standards-making 
group because of the many variables of materials and conditions. 


Broad criteria might include measurements of the environment, and samples 
taken from individuals (exereta, etc.), using industrial hygiene practices 
already established for other industrial toxicants. Personnel monitoring 
for external exposure would also be included. It does not seem reasonable 
that the standard would detail these requirements; to do so would be 
unique in the field of industrial health. 


SORE 


t (4) ‘The same approach suggested in (c) also applies here. The standard 
t should not specify methods. Standard practice within AEC for particular 
situations is a desirable objective but should be a matter of internal 
k practice or policy. 
r 
‘ 6. Is it possible under existing criteria and standards to know always whether 
- or not a given limit has or has not been exceeded? 
It is not possible to know always. 
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APPaNvIX I 


EFFECT OF CHANGES RADIATION EXPOSURE TOLERANCE 
ON THE ORNL ISOTOPE PROGRAM 


OAK RIDGE NATIONAL LASORATORY 


Rte OSPR or REC 


During the period of time from 1950 to 1960 the permissible 
personnel exposure has been decreased from 500 mr/wk to 100 mr/w. 
During this same period of time, the levels of activity handled in 
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the radioisotope program have increased by a factor of 100. The 
batch sizes of radiation handled have increased from a hundred to 
one thousand curie level, to a ten thousand to one hundred 
thousand curie level, Because of the large increase in the 


amount of radiation handled, it is difficult to allocate increases 


8 
* 


in cost due to a decrease in allowable radiation exposure. \ 
In general the decrease in allowable exposure from 500 E 
mr/wk to 300 mr/wk (in the early 1950's) did not require an 
increase in operating expense or capital expenditure because the F 
personnel exposures under the 300 mr/wk limit were handled by ' 
administrative procedure. However, when the exposure limit was i 
decreased from 300 mr/wk to 100 mr/wk, certain changes were 
necessary which increased expenditures in the ORNL radioisotope 
program, These expenditures were not due to increased manpower 


Since the same operating manpower level in the radioisotope 





program has been maintained except for those increases necessary f 
for greater production or for the production of new products. 
Lower exposure to personnel have been made possible by making 7 
changes to existing facilities to lower the exposure rate and to ; 
utilize the existing manpower more efficiently. The increase in 

direct cost due to the lower permissible exposure level has 


therefore been principally due to capital expenditures required 
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to change or make additions to existing facilities, 

It has been estimated that the indirect cost of personnel 
exposure control (monitoring of external and internal radiation, 
air sampling, contamination monitoring and instrumentation) would 
be increased three-fold and five-fold, respectively, for reduc- 
tion in the permissible exposure level by factors of five to ten. 
At the present yearly cost of $260.00 per person engaged in 
activities related to radioisotopes, the annual indirect cost to 
the radioisotope program would be increased by $130,000 and 
$260,000, respectively, 

The changes to the radioisotope area building and cells 
necessary to maintain exposure within the 100 mr/wk limit are 
listed below. In general, the decreased permissible exposure 
results in more facilities being required for the same production. 
Of course, in the case of the radioisotope program, an increased 
production level in the number of curies processed has been the 
experience over the past few years. A specific example of the 
increase in the number of facilities is given in the construction 
of a manipulator cell to handle operations formerly conducted in 
lead-shielded hoods by the Beaker-and-Tong. This model four 
manipulator cell is now scheduled for construction in the near 
future at a cost of $60,000 and two more cells will be required 
in the future at an additional cost of $120,000. These cells 
are necessary to reduce the exposure to personnel due to scattered 
radiation over the top of an open barricade. 

In the case of high levels of radiation, the exposure due to 
Scattered radiation through open topped cells as necessary for 











806 RADIATION PROTECTION CRITERIA AND STANDARDS 


the use of model 4 manipulators, has necessitated the construction 
of closed topped cells in which model 8 manipulators are used. 

The cost of construction of a model 8 cell is approximately double 
that of a model 4 cell. For the nine cells of the model 8 type in 
the radioisotope area and F3P, an increase in cost of approximately 
$500,000 over that necessary for a model 4 type cell can be 
estimated, 

The storage barricade area and packaging area for radio- 
isotopes shipment are being modified to reduce the background 
in the operating area due to scattered radiation from the open 
topped barricades, The estimated cost of these modifications 
is $50,000. 

It has been necessary to design thicker shields for cells 
in order to reduce the transmitted radiation levels at the 
surface of the shields, With the advent of the JCO mr/wk radia- 
tion exposure tolerance it was necessary to change che design 
of cell shielding to permit only one mr/hr at the cutside surface 
of the shield. It could be estimated roughly that approximately 
5% is added to the facility cost because of this increase in 
shielding thickness or approximately $75,000 for the radioisotope 
area cells. 

When manipulator cells are used in the production of 
radioisotopes, it is necessary to remove small tools and equipment 
used in the cells during operation and to decontaminate these 
tools for subsequent use, Because of the lower permissible 
exposure levels, it is necessary to install a shielded decontamina- 


tion room adjacent to some of the existing manipulator cells. 
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The estimated cost of this room is $15,000, 

Direct maintenance is presently used in the ORNL shielded 
production cells. It is necessary to decontaminate these cells to 
a sufficiently low level to allow a reasonable time for maintenance 
personnel to work. When the level of permissible radiation exposure 
was lowered, it was necessary to decontaminate the cells to lower 
radiation levels than formerly at greater cost. It has also been 
found that maintenance costs are increased because of decreased 
working periods in radiation fields. The use of more maintenance 
personnel is required with consequent lost time in preparing person- 
nel for entry into the cells and for checking and decontaminating 
personnel after working in the cell. An increase in operating cost 
of approximately $100,000 per year could be ascribed to this cost, 

All of the radioisotope production operations at some point 
require the transfer of a product solution or a solid source from 
the processing equipment to a transfer shield. In order to 
lower radiation exposures transfer equipment has been added to 
existing cells to allow more remote manipulation of liquid and 
solid transfers for shielded containers, In addition, in-plant 
transfer containers have had to be more heavily shielded than 
formerly. 

The analytical costs associated with radioisotope production 
operations has been increased due to the necessity to build better 
facilities for analyzing radioactive samples of higher activity 


content with lower exposures permitted to the analytical personnel. 
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An increase in cost to radioisotope customers has been 
incurred by the decrease in permissible exposure because the 
Isotopes Division has been forced ito increase shielding on pack- 
ages of radioisotopes shipped to customers due to the radiation 
involved in handling the packages prior to shipment. The radiation 
from the package must be reduced to levels even below that allowed 
by the ICC for commercial carriers which is 200 mrf/hr at contact, 
In the case of non-returnable containers this increased cost to 
the customers can be estimated at 50% to 90% above the cost if 
exactly 200 mr/hr at contact with the package is allowed. 

If the permissible weekly exposure were lowered materially 
below the 100 mr level the cost of producing radioisotopes both 
capital and operating would be greately increased. The costs due 
to lowering the tolerance level in the range beloy 300 mr/wk are 
certainly not linear, It is our opinion that in this range the 
cost is an exponential function of the decreasing tolerance level 
of permissible exposure. For instance, shields wnich now are 
designed to allow 1 mr/hr radiation on the external surface would 
have to be increased considerably in thickness. If they were not, 
personnel could receive an exposure of 40 mr/wk from ordinary work, 

thus allowing practically no exposure due to decontamination or 
other incidental radiation operations, If the exposure limit were 
decreased from 100 mr/wk to 50 mr/wk we would estimate that man- 


power requirements for the radioisotope program would be increased 


approximately 100%. The operating cost of the program would there- 
fore be increased approximately $900,000 to $1,000,000 per year. 
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The method of maintenance would have to be changed almost completely 
from the direct maintenance methods now employed to remote 
maintenance methods, This change in the maintenance methods would 
require changes to the existing facilities at an estimated cost of 
approximately $5 to $6 million, In addition, it is felt that much 
operating time would be lost in making these changes with consequent 
interruption of certain shipments and necessary production for radio- 
isotope customers, 

We hope that these comments on the effect of decreased 
permissible radiation exposures will be helpful in presenting 


testimony on this subject to the Joint Congressional Committee for 
Atomic Energy. 
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APPENDIX J 


U. S. ATOMIC ENERGY COMMISSION 
Division of Biology and Medicine 


SUMMARY OF RESEARCH PROGRAMS 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 






Research Related to Radiation Standards of Permissible 
Exposure. ° ° 


Research Involving Environmental Contamination. . . 


@. Fallout Studies... . OAS SO 8 i, 
b. Ecology, Marine Sciences, “Waste Disposal, 
Micrometeorology. ..... oeE Me 


Research Related to Treatment of Radiation Injury and 
Alteration of Radiation Effects 


Radiological Physics, Radiation rote ts Instrumen- 
tation and Measurement. . . ° ess 


RESEARCH ACTIVITIES NOT DIRECTLY RELATED TO THE 
DEVELOPMENT OF RADIATION STANDARDS. .......+.. 


Research in Chemical ES and other Biomedical 
Problems. ... ;: 


Sees, 6 «6 se ee ee 8 OS 


Research on Radioactive Tracer Techniques and Other 
Beneficial Applications of Atomic Energy. .... +s «os 


Total Research Program . 





FY 1960 


tee ee eee ee ee ee ew ew w+ $37, 548, 236 


21, 694, 736 


. a = 


2, 40k, 700 
2, 356, 200 


6,455,600 


$12,451, 764 


1, 266,000 
4,631,000 


55554, 764 





. $49,000, 000 


—_—_-- 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Institution and Descriptive Statement 


1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biolog 


Off-Site Research ects 
Agriculture, U. S. Department of, Dairy Products Laboratory 
The Removal of Radioactive Contamination Milk. 


Agriculture , Department of 


Accumulation and Movement of Fission Products in Soils 
and Plants. 7 


Albert Einstein Medical Center 


Enzymatic and Biochemical Studies of Animal Skin Which has 
been Irradiated with Beta Particles. 


Alb Medical College of Union Universit . 
A Study of the Concentration @f Seven Prenents (Iron, Zinc, 


Copper, Molybdenum, Manganese, Chromium and Nickel) in the 
Viscera of Rats Before and After Total Body X-Irradiation 


Amherst College 


Genetic and Direct Effects of Gamma Radiation on 
Drosophila 


Amherst College 
Genetic Effects of Acute and Chronic Low Level Irradiation 
with Cobalt-60 


Arizona, University of | 
Utilization of Psectorus from Biological Material 
and Uptake of Strontium by Various Type Crops 


Arizona, University of 
Mutation Studies with Tobarco Mosaic Virus 


Arkansas , University of 
Developmental-Genetic Study of the Effects of X-Ray 
Irradiation in Drosophila virilis and Bufo valliceps 


$ 


40 ,000 


. L00 ,000 


811 


22 ,000 


12,000 


7,500 


4 ,000 


7,000 


14,500 


5,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Institution and Descriptive Statement 


1. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Battelle Memorial Institute 
Deoxyribonucleic Acid Metabolism in “Gian Cell" and 
Normal Cell Survivors of Irradiation 


Baylor University - College of Medicine 
An Electron Microscopic and oautographic Study of 


Intestinal Radiation Death 


Boston College 
The Effect of Ionizing Radiation on Dehydrogenase 


Activity in Tetrahymena Pyriformis W. at Different 
. Stages of Cell Division 


Boston University - Graduate School 
The Effect of Irradiation on the Growth and Functioning 
of Transplanted or Regenerated Adrenocortical Tissue in 
the Rat 


Brown University 
Further Investigations Concerning the Effects of 


Cosmic Ray Heavy Nuclei and of Microbeams on 
Mammalian Skin 


Brown University 
Radiation Effects on the Cytoplasm of Habrobracon Eggs 


California Institute of Technolo, 
The Genetic and Cytological Effects of High Energy 
Radiation 


California, University of - icultural riment 
Station 
The Effects of Continual Sr-90 Ingestion During the 
Growth Period of the Beagle and Its Relation to Ra-226 
Toxicity 


California, University of - icultural riment 
Station 


The Effect of Radiation on Work Capacity and Longevity of 
the Dog 





Estimate 


FY 1960 


3,500 


13,000 


6,500 


65,000 


150 ,000 


105,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Institution and Descriptive Statement 


1. 


Research Relates to pedi ation Standards of Permissible 


Off-Site Research Pro} ects - continued 


California, University of - School of. Medicine 
Studies on the mS of Thyroid Cancer and on the 


Nature of Metabolic Blocks Following Irradiation 


California, University of 
Modes of Entry of Strontium and Other Polyvalent Ions 
into Plant Roots 

California, University of 
Investigation of the Mechanism of the Effect of 
Ultraviolet Light on Enzymes and Viruses 

California, University of 
Study of the Decontamination of Soils Containing 
Radioactive Elements and Salts 





California, University of - School of Medicine 
An Tenunaytolestoet Study of Developmental Abnormalities 


in Mouse Embryos Irradiated Prior to Implantation 


California, University of 
Age and Vulnerability to X-Rays 


California, University of, at Los oS - Schodl of Medicine 
Irradiation ects on Brain Wave rrelates 


Conditioned Behavior 


California, University of, at Los ghee 
ect of Radiation on Lipi ism 


California, ee of, at Los a - School of Medicine 
Inter- and Intra- ular er 0 ic Acids in 


Irradiated and Unirradiated Cells 


California, University of, at Los les 
Study of the Behavior of Certain Dathetic Chelating Agents 


in Biological and Soil Systems 


California, University of, at Los A 
Study of Plant Virus as App d by the Study of 


the Normal Plant Proteins 


Catholic University - Keane Physics Research Center 
tector Development 


813 


$ 34,000 


15,000 


45 ,000 


22 ,600 


22,000 


16,000 


25,000 
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TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 
a ee ees Estimate 
Institution and Descriptive Statement FY 1960 
1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 
Off-Site Research Projects - continued 
Cedars of Lebanon Hospital - Institute for Medical Research 
Chemical Studies on Connective Tissues of Animals Aged 
Prematurely by Lrradiation (Assessment of Bio-chemical 
Age) $ 20,000 
Chicago Medical School 
Absorption Spectra, Fluorescence and Photolysis Studies 
on Peptides as Related to Energy Transfer Along Peptide 
Chains 12,500 
Chicago, University of 
The Genetic Functioning of Heterochromatin 16,500 
Chic University of 
Skeletal Distribution of Estrone-16-Cl4 in mice 11,000 
Chicago, University of 
Bacteriological Aspects of Radiation Sickness 15,000 
Chicago, University of 
Irradiation Effects on the Central Nervous System 20 ,000 
Chicago, University of 
Investigation of the Pathogenesis of Radiation Nephritis, 
Clinical and Experimental 10,000 
Chicago, University of 
The Biological Effects of Stressful Agents as Related 
to Diet , 8,000 


Chicago, University of 
Investigations of Cellular Biology, with Special Reference 


to Cell Division, by Means of Microbeams of Ultraviolet 
Radiation 40 ,000 


Chile, State University of - School of Medicine 
Genetics, Evolution and Population Studies in Chilean 


Species of the Genus Drosophila 15,000 


a aan 
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TABLE I 


PROGRAM ACTIVITIES RELATED 70 RADIATION PROTECTION 


Estimate 
Institution and Descriptive Statement FY 1960 


1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Colorado, State of, De mnt of Public Health 
Construction and Operation of an Apparatus Capable 
of Measuring the Natural Gamma Radioactivity of 
the Human Body Below Background Levels 40,000 


Colorado State Universit 
The Effects of X-lrradiation on Embryonic Hematopoietic 


Tissue 7,500 


Colorado, The University of - Dept. of Medicine 
The Biological Half-Life of Radiolead and the 
Quantitative Effect of CaEDTA on-the Total 
Body Radiolead Burden in Dogs 22 ,000 


Colorado, University of 
Radiation Effects in Biochemistry and Organic Chemistry 20 ,500 


Colorado, University of, Medical Center 
Studies on Radiation Protective Agents 18 ,000 


Columbia University 
A Study of the Mechanism of Induction in a Lysogenic 


Organism Which Converts the Latent Bacterial Virus to 
Virulence 15,000 


Columbia University 
The Population Gentics of Species of Drosophila 17,500 


Columbia Universit y 
Biological Action of Ionizing Radiation Instrumentation for 
Research 225 ,000 


Columbia University 
Effect of Ionizing Radiation on Nerve Tissue 20,000 


Columbia University 
Study of the Action of Radiation on Deoxypentose Nucleic 


Acids Having Biological (Transforming) Activity 10,000 


Columbia University 
Study of the Incorporation of Deuterium into 
Deoxyribonucleic Acids and of the Biological Effects of 
Such Incorporation 11,500 


54561 O—60——_53 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Iastitution and Descriptive Statement 


l. 


Research Related to Radiation Standards of P 
Exposure (Radiation Biology) + continued 


Off-Site Research Projects - continued 


Cornell University 


Fission Product Metabolism and Response in Laboratory 
and Domestic Animals 





Cornell University 
The Investigation of the Genetic Structure of Populations 


Delaware, University of 
The Relation of Genome Number to Radiosensitivity in 


Habrobracon 
Defense, Department of, Armed Forces Institute of Patholo 
Wearceathe Toor of Nuclear Radiation 
Duke Universit 
The Effects of Ultraviolet Light and Gamma Rays on Cell 
Lipids and the Physiological Action of Irradiated Lipids 
Edsel B. Ford Inst. for Medical Research 
Comparative Metabolic Effects of Certain Hormones and 
X-Irradiation 
Emory Universit 


i Behavior of Cell Membrane Mechanisms During and 
Following Gamma Radiation 


Florida State Universit 
A Study of Gene and Ce -eictens Changes Induced by 
Ionizing Radiation in Drosophila Melanogaster 


Florida State Universit, 

An Attempt to Photoreactivate Enzymes in vitro 
Florida State Universit 

Research Program in Molecular Biophysics 


Florida State University 


Identification of the Site Responsible for Radiation-Induced 


Mitotic Delay 


Florida, University of 
After Effects and Long-Lived Free Radicals in Irradiated 
Biological Materials 





12,500 


30 ,000 


10 ,000 


8,000 


8,000 


15,000 


4 ,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Estimate 
Institution and Descriptive Statement FY 1960 


’ 


1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Florida, University of icultural riment Station 
A Cytological Study of ation Induce terations in 
Cytoplasmic Factors Controlling Male-Sterility in Corn -  $ 9,000 


Florida, University of 
The Effect of Ionizing Radiations on Geotropic Response 
in Plants 


COREL) WOR TET RII 


10,000 


agement 


Florida, University of 
Mutation Research with Gamma Radiation at a Specific Locus 
in a Higher Plant 


10,000 
Fordham University 

The Study of Genetic and Environmental Factors in the 

Biosynthesis of Enzymes and Proteins 20,500 


George W m Universit - of 


tudies of the ects o ation on osynthesis and 
Degradation of Nucleoproteins and Its Modification by 


Various Agents 15,000 


Harvard University 
Prenatal X-Ray and Childhood Neoplasia; A Cohort Study 50 ,000 


a 


Harvard University 
Radiation Effects on the Lung 


Health, Education and Welfare, U. S. Department of 

Studies on Long Range ation Effects on Human Beings 
Health, Ediication and Welfare, U. S. Department of 
Bureau of State Services . H. 8. 

Expansion of the Biological Sampling Program Initiated in 


Nevada 


18,000 


117,000 


45,000 
Illinois, University of 
Recovery from Radiation-Induced Division Block in Protists 13,000 


Illinois, University of 
The Effect of X-Ray Irradiation on the Enzymatic Activity 


and Nucleic Acid Metabolism in Seeds and Seedlings of 
Zea Mays (Corn) 


“e eR TTS ETS NN a 


18,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Institution and Descriptive Statement 
Research Related to Radiation Standards of Permissible 


Exposure (Radiation Biology) - continued 


Off-Site Research Project - continued 


Illinois, University of 
The Role of Ribonucleic Acid in the Accumlation of 


Ions by Plant Cells 


Indiana University Foundation 
The Influence of Radiation in Altering the Incidence of 


Mutations In Drosophila 
Indiana University Foundation 
Cellular Heredity in Paramecium 


Institute for Cancer Research 


Studies on the Effects of Ultraviolet Radiation on Cell 


Structure and Behavior 


Inter-American Institute of icultural Sciences 


Atomic rgy Applied to Agriculture in Latin America; 


a. Use of Isotopes; b. Gamma Field 


Iowa, State University of 
Radioiodine Studies of Fetal, and Other Thyroids 


Iowa, State University of 
A Quantitative and ns Study of Radiation Induced 


Cataracts 


Iowa State University of Science and Technol 
Quantitative Study of Lifetime Sickness and Mortality and 


Progeny Effects Resulting from Exposure of Animals to 


Penetrating Irradiation 
Iowa State University of Science and Technol 
Genetic Results of Irradiating Swine 
Jefferson Medical College of Philadelphia 
Effect of ryonic Irradiation on Adult Life 


Expectancy and Adult Pathology 


Jefferson Medical College of Philadelphia 
Effects of Radioactive Particulates in Lung Tissue 





$ 15,000 


37,000 


27,500 


17,000 


225 ,000 


7,000 


17,000 


123,000 


110,000 
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TABLE I 


eS 


’ PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Estimate 
Instigution and Descriptive Statement FY 1960 


1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Johns Hopkins Universit ‘ 
The Action of Radiation and Other Mutagenic Agents 
t2} in Inducing Mutation in Drosophila Females, and 


(2) in Controlling the Action of a Specific Gene 
Responsible for Suppressing Uncontrolled Growth $ 14,500 


Johns Hopkins Universit 
The ects of Ionizing Radiations on Gene and 
Chromosome Mutation Rates in Normal Human Cells in 
Tissue Culture 37,000 


+ eRe 


ro Johns Hopkins Universit. 
t A. The Transformation of E. coli B from Virus Sensitive to 

Virus Resistant or Vice Versa; 
B. Chemical and Nutritional Studies of Bacterial Viruses 20,000 
k Johns Hopkins University 
é Studies on Bioluminescence and Energy Transfer Mechanisms 11,000 
é Johns Hopkins University 
ei A Study of the Effects of Radiation on Bioluminescent 
Materials 12,500 
ke Johns Hopkins Universit 
. The Etocte of Ionizing Radiations on Helminth Parasites 15,000 
' Johns Hopkins University 
i Modification by Supplementary Agents of the Rates of 
Induced Chromosome and Gene Changes 12,000 
é Johns Hopkins University 
* Studies on the Synthesis of the Phage Chromosome 22 ,000 


The Kaiser aii as of aS Biology 
Investigation of rey er in actions 20 ,000 
Kansas, University of 


Study of Deposition and Excretion of Bone-Seeking 
Radioisotopes 21,500 


Teer 


we 


Kansas 2 University of 


Immunological Studies of Radiation-Induced Damage 
to Biological Systems 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Institution and Descriptive Statement 


1. 


Research Related to Radiation Stem cards of Permissible 
Exposure (Radiation Biolog 





Off-Site Research Projects - continued 


Kentuc Research Foundation 
ffect of cium Level and Placement in the Soil on 
Its Uptake by Plants and on the Source of the Calcium 
Taken up by Plants 


Kresge Eye Institute 


Effects of Neutrons and Other Radiations on the Ocular 
Lens 


Marquette University - Department of Biol 
A Study of the Effects of X-lrradiation of Exclusively 
the Circulating Blood on the Antibody Producing 
Mechahiam of the Rabbit 


Marquette University, School of Medicine 
Relation of Rickettsial and Viral Infections to Radiation 
Injury 


Massachusetts General Hospital 


Effects of Radioactive Iodine on Biology of the Thyroid 
Gland 


Massachusetts General Hospital 
Studies of the Effects of Ionizing Radiation on the 
Ultrastructure of Developing Nervous Tissue as Revealed 
by Electron Microscopy 


Massachusetts General Hospital 

The Mechanism of the Destruction of Bone 
Massachusetts General Hospital 

Mechanisms of Protein and Nucleic Acid Synthesis, and 


Their Possible Relationship to Radiation Damage 


Massachusetts Institute of Technology 
Radium, and Mesothorium Poisoning, and Dosimetry and 


Instrumentation Techniques in Applied Radioactivity 


Massachusetts, University of 
The Effects of Ultraviolet Radiations on the Leakage of 
Substances from Yeast Cells 


Estimate 


FY 1960 


14, 500 


16,500 


18,000 


30 ,000 


15,000 


85,000 


145,000 


6,000 
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~ TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 
Estimate 
Institution and Descriptive Statement FY 1960 


1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 
Medical Evangelists, College of - Schodl of Medicine 
Trradiation and influenza Infections in Mice; 


Consequences of the Dula Action $ 27,000 


Meharry Medical Colle 
Effect of Beta Rays and X-Irradiation on Growth 


and Spread of Free Tumor Cells 18,000 


Michigan State Universit 
WecenTass of Uptake as Ions by Above Ground Plant 


Parts and Their Subsequent Transport and Redistribution 
within the Plant 20 ,000 


Michigan, University of - Medical School 
Effect of 1-131 on the Fetus 20,000 
Michigan, University of, Medical School 


Effects of Irradiation on the Localizing Response 
(to Antigen) of Different Tissues in Immunity 10 ,000 


Michigan, University of 
Resonance in Radiation Effects 24 ,000 


Michigan, University of, Research Institute 
The Effects of fetietion on Regeneration and the 


Acquisition and Retention of Learned Responses in Planaria 10,000 


Michigan, University of 
Development of Information Concerning (1) Human 


Mutation Rates. (2) The Accumlation of Deleterious 

Recessive Genes in Human Populations, and (3) The 

Manner-of Action of Selective Factors on Both 

Contemporary and Primitive Human Populations 125 ,000 


Michigan, University of 
The Biochemical Effects of Radiation. The Effect of 
Ionising Radiation on Nucleic Acid Metabolism 48 ,000 


Minnesota, University of 
Removal of Strontium Radioisotopes from Milk and 


Physiological Sites of Discrimination Between Strontium 
and Calcium 17,500 








822 RADIATION PROTECTION CRITERIA AND STANDARDS 


TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Estimate 
Institution and Descriptive Statement FY 1960 


1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology)- continued 


Off-Site Research Projects - continued “ 


Minnesota, University of 
The Genetic Basis = Practical Significance of Mutations 
Induced in Oats and Barley with Ionizing Radiations $ 15,500 


Minnesota, University of 
A Physiochemical Approach to the Study of the Primary 
Acts in Photobiological Processes 70,000 


Mississippi, University of, Medical Center 
Influence of Radiation on Response of Animals to 
Administration of Heterologous Hyperimmune Renal Antiserum 14,000 


Missouri, University of 
The Transfer of Rust from Rye to Wheat 6,000 


Montana State University 
1. The Morphogenesis of Radiation-Induced Tumors in 
Graptopetalum paraguayense. 2. The Effect of Chronic and 
Acute Ionizing Radiation on the Growth of Kalanchoe 
"Brilliant Star" 11,000 


Montefiore Hospital 
1. Dynamics of Strontium Distribution in the Body 
2. Strontium and Calcium Metabolism in Humans 4O ,000 


Nebraska, University of 
Effects of Cranial X-Irradiation on Psychological Processes 
in Rats 10,000 


Nebraska, University of 
Evaluation of Effects of Radiations on Quantitative 
Characters in Corn, Soybeans, and Other Crops as Related 
to Breeding Improved Varieties: I. Corn Research, 
II. Soybean Research 2,500 


Nevada, University of 
se Be The Relation of Fallout and Other Factors to Soil and 


Plant Contamination and the Assimilation of Fission 
Products and Other Materials by Range Livestock. 
B. Radiochemical Analyses Associated with Part A. 35,000 
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, TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 
Estimate 
Institution and Descriptive Statement FY 1960 


Related to Radiation Standards of Permissible 


Off-Site Research Projects - continued 


New Le Deaconess Hospital 
Effects of lonizing ation on the Developing 


Mammalian Nervous System $ 20,000 
New England Deaconess Hospital 
Acute and mic ation Injury 
New tea University of 
ation Induced Viability Mutations in the Honey Bee 


3 New Jersey State Department of Health 
& Epidemiological Investigation of the Radium Dial Painters 100 ,000 





1. Research 
Exposure 
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Ft 


273,000 


8,000 


New York, State University of 
Effects of Irradiation on the Cglcifying Mechanisms 
of Epiphyseal Cartilage 8,500 


New York, State University of 
The Effect of X-Irradiation on a "Megakarocytoses" 
Produc@d in Gelatin-Treated Animals 6,500 


REE 7g 


RI 


New York, State University of 
Action of Tritiated Tetanus Toxin and Toxoid Upon the 


Nervous System and Upon the Antibody Forming Mechanism 17,000 


New York University 
Determination of the Variable Concentrations of Trace 


Elements in Human Tissue and Body Fluids 21,000 


New York University, College of Medicine 
Histochemical Studies of Metabolic Alterations in Rats 
Receiving Lethal and Sublethal Doses of Radiation, with 
Emphasis on Terminal Vascular Bed 16,000 


North Carolina State College of icultume and neeri 
The Mineral Composition of Plants Grown on Sohne 
Soils as Related to Soil Characteristics, Lime, and 
Fertilizer Additions and Root Distributions, with 


Particular Emphasis on Sr-90 15,000 


' 
| 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Estimate 
Institution and Descriptive Statement FY 1960 


1. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


North Carolina State Colle of culture and 
neeri 
Radiation Genetics and Radiation Resistance in Peanuts $ 20,000 
North Carolina State College of iculture and 


Ba 
e Gemetic and Developmental Effects of Ingested Radioactives ~— 
in Habrobracon 7,500 


North Carolina, University of ’ 

A Study of Genetic <n as Influenced by 

Mutagenic and Non-hiutagenic Environmental Agents 9,500 
North Texas State Colle 

Some Studies on the Changes in the Activity of 


Irradiated Nerves 11,500 


Northwestern Universit 

Studies on the Radiation Gentics of Drosophils 

melanogaster Females 7,500 
Northwestern University Medical School 

The Effect of X-lrradiation on Certain Aspects 

of Salt and Sulfur Metabolism in Adrenalectomized Rats 8,500 
Oklahoma State University, Research Foundation 

Studies on Glutathione and ©-Aminoethanethiol 5,000 
Oregon, University of 

the Effects of Ionizing Radiation on Synaptic Activity 16,000 


Ore gon, Unive rsity of 


Effects of Radiation on Aging and Reproduction in 
the Female Golden Hamster 10,000 


Oregon State College 


Accelerated Evolution in the Alkali Bee Nomia melanderi 
through Irradiation 6,000 


Pavia, University of, Pavia, Italy 
Mutation Rates and Mutational Loads in Man 22 ,000 
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“TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Institution and Descriptive Statement 


l. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


OffsSite Research Projects - continued 


Pennsylvania, University of 
Changes in the Capillary Fragility and the Colloidal 
Properties of Blood Following Irradiation 
Pennsylvania, University of 
Mutation Rates in Mormoniella 
The Perkin-Elmer Co: ration 
Blood Cell Scanner 
Philadelphia General Hospital 
The Effect of X-Ray Radiation of the Lipids of the Skin 


Pittsbur University of 
A Study of siological Aging in Cells in Tissue Culture 


Pittsbur University of 
Hazards from Inhaled Radioactive Particulate Matter 


Pittsburgh, University of 
The Study of the Effects of Radiation on the Immune Response 


Pittsburgh , University of 


Genetic Potential of Certain Populations of Drosophila 
persimilis from the Sierra Nevada of California 


Presbyterian - St. Luke's Hospital 
Mobilization of Radioactive tters from Bone 
Purdue Research Foundation 
The Relationship Between Somatic and Genetic Response of 


Tomato Seed and Pollen to X-Irradiation Using "Water 
Protection" and Mutations at Specific Loci 


Rochester, University of 

The Effects of Ionizing Radiations on Peripheral Nerve 
Roscoe B. JacksonMemorial Laborato 

Quantitative Population Genetics of Mice Under Irradiation 
Roscoe B. Jackson Memorial Laborato 

The Occurrence of Chromosomal Aberrations in Pre- 


Spermatocytic Cells of Irradiated Male Mice 


825 


Estimate 


FY _1960 


$ 11,500 
15,500 
23,000 
15,000 
15,500 
35,000 


45,000 


11,500 


26,000 


5 ,000 
10,000 


32 ,000 


19,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Institution and Descriptive Statement 


1. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Roscoe B. Jackson Memorial Laborato 
Physiological Studies on Induced Congenital Deformities 


in Mice 


Roscoe B. Jackson Memorial Laboratory 
Attempt to Delineate Inborn Anemias in Mice 


Roscoe B. Jackson Memorial Laboratory 
Rate of Recovery From Radiation Injury and Its Relationship 


to After Expectation of Life in Mice 


Rutgers - The State University 
Histological and Physiological Effects of Irradiation 
on Plant Tissue 


Rutgers - The State University 
A Study of Strontium, Barium, and Calcium Relationships 


in Soils and Vegetation 


C. W. Shilling Auditory Research, Inc. 
The Effects of Irradiation on Auditory Mechanisms 


Sloan Kettering Institute for Cancer Research 
Biological Effects of Radiation, and Related Biochemical 


and Physical Studies 


Sloan-Kettering Institute for Cancer Research 
Factors Affecting Platelet Production and Destruction 


Swithsonian Institution 
A Study of the Biochemical Effects of Ionizing and 
Nonionizing Radiation on Plant Metabolism During Development 


South Dakota State College 
Metabolism of Selenium and Sulphur in Plants 


Southern Illinois Universi ty 
The Effects of X-Rays and Ultraviolet Radiations on the 


Multiple Manifestations of a Gene Together with Genetical 
Analysis of the Radiation Induced Variations and the Effects 
of Extracts from Unirradiated Cells on the Repair of the 
Genotypes of Irradiated Cells 


Estimate 


FY 1960 


$ 16,000 


29 , 500 


22 ,000 


10,500 


2,000 


13,000 


250 ,000 


6 ,500 


30 ,000 


5 ,000 


12,000 
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_, TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 
Estimate . 
Institution and Descriptive Statement FY 1960 


1. Research Related to Radiation Standards of ermiseshle 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Southern Research Institute 
Body Retention of Carbon-14 $ 11,000 


St. Joseph's Hospital, Burbank, California 
emical Studies on Connective Tissues of Animals Aged 


Prematurely by Irradiation (Assessment of Biochemical Age) 11,500 


St. Louis oe Department of Biology 
Spontaneous and Radiation Mutagenesis and Mutability in Lowi pli? 


Drosophila 13,000 
Syracuse Universit 
Effects of YRattation Upon the Renal-Endocrine System 18 ,000 


Syracuse University 
Production of Asporogenic Mutants. A Study of the 


Biochemistry of Bacterial Sporogenesis with Asporogenic 
Variants 10,000 


Syracuse Universit, 


the Use of Ionizing Radiation for Studying Enzyme Complexes 10,000 
Syracuse Universit 

The Genetic Effect of Incorporated Isotopes: The 

Transmutation Effect 12,000 


Taylor University 
Diffusion of Radon Through Semi-Permeable Materials 7,500 


Taylor Universi 


The Effect of X-Radiation on Longevity in Drosophila 
melanogaster 7,600 


Tennessee, University of 
Studies in vitoo of the Immediate Effects of X-Radiation 


on Chromosome Morphology and Mitotic Activity 9,000 


Tennessee, University of 
Investigations Concerning the Toxicity and Pharmacology of 
Yttrium 10 ,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 


Estimate 
Institution and Descriptive Statement FY 1960 


i. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Tennessee, University of 
The Response of the Reticulo-Endothelial System to 
X-Irradiation $ 6,000 


Tennessee, University of, College of Medicine rf 
A Study of the Effects of Cobalt-o0 Gamma Irradiation 


on Infection and Immunity 10,500 


Tennessee, University of ; 
A Survey of the Effects of Radiation on Host-Parasite 
Relations 11,000 


University of Texas, M.D. Anderson Hospital and Tumor 
Institute 


e Effects of Radiations on the Genetic System of Organisms 
in Relation to Their Physiological and Biochemical Systems 13,000 


Texas, University of, M. D. Anderson Hospital and Tumor 
Institute 


Alterations Induced by Ionizing Radiation in the Synthesis 
and Maintenance of Macromolectlar Components 16,000 


Texas, University of, M. D. Anderson Hospital and Tumor 
Institute 


The Role of Nucleic Acid and Amino Aid Incorporation 
into Protein and in Enzyme Synthesis, and Genetic Implications 21,000 





Texas, University of, Southwestern Medical School 
Ultraviolet Irradiation Damage in Living Cell Systems 16,500 


Texas, University of 
Reversal of Radiation Damage in Algae 10,500 


Texas, University of 
Research on Direct and Indirect Effects of Radiations on 
the Genetic Systems of Organisms 47,500 


Texas, University of 


The Genetic and Biochemical Effects of Radiation on 
Bacteria 6,500 
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TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 
Estimate 
Institution and Descriptive Statement FY 1960 
1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 
Off-Site Research Projects - continued 
Tuft: 3 College 
Study of Effects of Radiation on Growth $ 33,500 
Utah, University of 
Toxicity Studies of Plutonium and Other Radioactive 
Substances in Animals 375,000 
Utah, University of 
Radiation Effects on the Photosynthesis and Metabolism of 
Higher Plants 42 ,000 
Utah, University of 
Radiation Effects on Plants 49,500 


Utah, University of 
Genetics of Hare-Lip and Cleft Palate and Other 
Congenital Malformations 17,500 


Vanderbilt Universit 
Study of the Absorption and Metabolism of Lipids and 


Vitamins, and the Alterations Which Occur in Actte Radiation 
Injury 27,000 


Vanderbilt University 
Fetal Irradiation and the Patterns of Behavior Development 9,000 


Vanderbilt University 
Utilization of a Low Level Whole Body Counting Facility in 
the Measurement of Electrolyte Composition and Metabolism 


in Man 30 ,000 
ee Medical College of ; 

A Study of the Comparative Effects of Ionizing Radiation and 

Aging on the Mammalian Lens of the Eye 35,000 


Virginia, University of, Blandy a SE Farm 

Radiation Effects of Growing Plants 8,500 
Wake Forest Colle Bowman Gr School of Medicine 

Formation of Tissue Phospholipids and Toxicity of P-32 


as Related to Dietary Factors 16,000 








TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION 
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Institution and Descriptive Statement FY 1960 
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Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site- Research Projects - continued 


Washington University 
A Study of the Uptake, Turnover, and Metabolism 
of Chemical Constituents of Bone 7,000 


Washi mn State Universi 4 

Foliar Uptake of Fission Products 11,500 
Washington State University 

A Study of Factors t Govern Radiosensitivity in Plants 21,500 
Washington, University of 

Investigations of Pijclatcgton2 Capabilities of the 


Hematopoietic and Other Cell Turnover Systems in Mice Exposed 
to Low-Level Chronic Ionizing Radiation 16,000 


Washi. n, University of 
a Tetie Mechanisms 16,500 


W State Universit 
tne Response of the Respiratory Tract and Lung to Inhaled 
Stable and Radioactive Isotopes of Certain Elements 150,000 


Wayne State University 
The Effect of Prenatal X-Irradiation of the Behavioral 


Development of the Albino Rat 23,500 


Western Reserve University 
A Study of the Physiological Function and Histological 


Changes of Thyroids Irradiated with Radioactive Iodine 10,000 


Western Reserve University 
Investigations of the Biological Effects of Internally 


Deposited Radioisotopes and Related Radiobiology Studies 210 ,000 


Western Reserve University 
Synthesis of Nucleic Acids by Escherichia coli and 


Bacteriophage Systems 13,000 


Wisconsin, University of 
Genetic Effects of Cumulative Irradiation in Rats 19 ,000 


Wisconsin, University of 
Mitochrondrial Electron Transport and Oxidative 


Phosphorylation 50,000 
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TABLE I 


PROGRAM ACTIVITIES RELATED 10 RADIATION PROTECTION 


Estimate 


Institution and Descriptive Statement FY 1960 


1. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


Off-Site Research Projects - continued 


Wisconsin, University of 
The Effect of Various Forms of Irradiation of the Brain 


on Learned and Unlearned Behavior of Monkeys and 
Chimpanzees $ 20,000 


Wisconsin, University of 
Lethal and Detrimental Equivalents in Drosophila and 


Man 27,500 


Wistar Institute of Anatomy and Biology 
Effects of Deuterium on Normal and Virus Infected Tissue 
Culture Cells 10,000 


Worcester Foundation for Experimental Biology 
Effects of Co-60 Irradiation on Rabbit Eggs in yitro 15,000 


Worcester Foundation for Experimental Biology 
Investigation of the Effects of Radiation on the 


Biosynthesis and Metabolism of Adrenocortical Steroids 60 ,000 


Yale University 
Relationship of Genes to Biochemical Reactions in Neurospora 28,000 


Yale University 
Radiation Effects on Mammalian Chromosomes in Tissue Cultures 27,000 


Yale University 
Investigations on the Cytogenetic Effects of Radiations 18 ,500 


Yale University 
Study of the Particle Structure of Bacteria After 
Irradiation 25,000 


Yerkes Laboratory of Primate Biology, Inc. 
Behavioral Effects of Ionizing Radiation on Chimpanzees 


of Various Ages 5,000 


Sub-Total $6,539,200 


54561 O—60——54 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Institution and Descriptive Statement 


1. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


On-Site Research Projects 
Argonne National Laboratory 


Natural Environmental Radium Levels and Bone Tumors in 
Man 

X-Ray and Gamma Ray Toxicity 

Neutron Toxicity, including Biology reactor operation 
Radioelement Toxicity 

Theorectical Biology 

Biophysics 

Fine Structure and Related Cell Functions 

Biomedical Systems and Effects on Irradiation 

Plant Physiology 

Mammalian Physiology 

Genetics 

Diseases and Care of Laboratory Animals 


Atomic Bomb Casualty Commission 


Population Studies 

Genetic Studies ‘ 

Growth and Development Studies 

Mortality Studies 

Morbidity Studies, including clinical evaluation 
Disease Studies 

Technical Studies 

Child Health Survey 


Brookhaven National Laboratory 


Radioactive Elements in Organs and Tissues of Man 
Radioactive Isotopically Labeled Cells for Predictions of 
Life Span Functions and Progeny 

Hematology of Radiation 

Radiation Effects on Immunity and Allergy 

Radioisotope Tracing of Total and Intermedicat Carbohydrate 
Metabolism 

Radioisotope for Study of Protein and Nitrogen Metabolism 
Clinical Management of Radiation Injury 

Radioisotope Labeled Hormones to Determine Action Sites 
Special Projects 

Radiation Genetics 

Mammalian Physiology 

General Physiology 

Biophysics 





Estimate 


$ 128,000 


318 ,000 
415,000 

50,000 
165,000 
213,000 
142 ,000 
268 ,000 
278 ,000 
177,000 

71,000 


22 ,000 

93,000 
267 ,000 
916, 
190 ,000 
341 ,000 
150 ,000 


150,000 
440 ,000 
165,000 


225 ,000 
170,000 

85,000 

70 ,000 
125,000 
275 ,000 
209 ,000 
216, 

20 ,000 
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TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 
Estimate 
Institution and Descriptive Statement FY 1960 
1. Research Related to Radiation Standards of Permissible 
sure (Radiation Biol - continued 


On-Site Research Projects - continued 


Hanford - General Electric Co. 
Absorption and Metabolism of Radioisotopes by Aquatic 


Organisms $ 58,000 
Toxicity of Radioelements to Aquatic Organisms Te ,000 
Absorption and Metabolism of Radioisotopes Produced by 

Neutron Activation 49 ,000 
Fission Production Absorption and Metabolism 86,000 
Plutonium Absorption and Metabolism 50 ,000 
Mechanism of Radiation Damage to Tissue 82 ,000 
Toxicity and Metabolism of Inhaled Radioactive Particles 166 ,000 
Beta Irradiation of Skin 23,000 
Extension of Small Animal Data 162 ,000 
Biological Effects of Radioiodine I-131 157 ,0CO 
Miscellaneous Problems in Fundamental Radiobiology 66 ,000 
Relative Biological Effectiveness 47,000 
Absorption of Radioelements into Plants 68 ,000 
Lawrence Radiation Laboratory 
Biochemical and Physiological Response to Irradiation 4g ,000 
Metabolism of Lipids, Lipoproteins and Proteins 28 ,000 
Cholesterol Metabolism of Atherosclerosis 7,000 
Fallout Problems with Respect to Humans 40 ,000 
Health Medicine Research 12 ,000 
Internal Irradiation and Hematological Response 62 ,000 
Space Biology 16 ,000 
Biological Effects of Radiation 221 ,000 
Radiation Chemistry 115,000 
Radiation and Mutation Rate 25,000 
Fission Products Research 130 ,000 
University of California at Los Angeles 
Cellular, Metabolic, Mammalian and Pathological 

Radiobiology 182 ,000 
Whole Body Irradiation Studies on Animals 33,000 
Enzyme Chemistry, Macromolecule Chemistry, General 

Metabolism and Organic Chemistry 158 ,000 
Los Alamos Scientific Laboratory 
Biochemistry 198 ,200 
Radiobiology and Biophysics 264 ,600 
Radiopathology 131,800 
Radiochemistry and Instrumentation 165,500 


Organic Chemistry 165 ,500 
Veterinary Services and other 65,400 
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TABLE I 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Institution and Descriptive Statement 


l. 


Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 


On-Site Research Projects - continued 


Oak Ridge National Laboratory 
Radiobiology ational Program 


Pathology - Physiology 

Enzymology 

Plant Physiology and Photosynthesis 

Cell Physiology 

Nucleic Acid Enzymology 

Chetiical Protection and Proteolytic Enzyme Studies 

Tracer Studies on Intermediary Metabolism 

Genetic and Developmental Effects of Radiation on Mice 

Drosophila Cytology and Genetics 

Cell Growth and Reproduction 

Effects of Radiation on Paramecium 

Genetic and Cytogenetic Effects of Radiation 

Nucleic Acid Chemistry 

Biophysics 

Research Participation and Traveling Lecture Program - 
Biology 

Mathematics and Computation - Biology 

Radiation Physics and Dosimetry 


Rochester University 

Studies in the Hemorrhagic State and Metabolism of 
Irradiated Animals 

Studies on Porphyrin Metabolism in Mice 

Study of the Morphological and Physiological «<. 
alteration of the White Cells Using Normal and 
Irradiated Animals 

Effect of X-Irradiation on the Aging Process in the Rat 

Acute Radiation Effects of Whole Body X-Irradiation in 
Animals and Suitable Therapy 

Effect of X-Irradiation on Spermatogenesis in Dogs 

Effect of Varied Nutritional States on the Survival and 
Recovery Processes of the Irradiated Rat - Effect of 
Anesthesia 

1-131 Fate of Radium and Its Daughter Products in 
Living Organisms 

1-134 The Biological Effects of Internally Deposited 
Isotopes. Radiation Toxicology Studies in Rats 

1-135 The Chronic Effects of Strontium 90 in the Monkey 





Estimate 


§ 
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75,000 


413,000 


22,700 
45 , 300 


45,000 
18 ,900 
30 ,600 
125 , 700 
32 ,800 
19,490 


36,740 
36 , 740 
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TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 
Estimate 
Institution and Descriptive Statement FY 1960 
1. Research Related to Radiation Standards of Permissible 
Exposure (Radiation Biology) - continued 
On-Site Research Projects - continued 
Rochester University - continued 
1-136 Whole Body Counter Program $ 32,400 
2-134 Biological Effects of Inhaled Radioactive Materials 182, 
2-135 The Mechanism of Bone Deposition, Mobilization and 
Transport of Radioelements 130,966 
2-138 Induction of Tumors with Radioactive and Chemical 
Agents 45,700 
2-139 Biomedical Field Tests of Plutonium Inhalation 7,600 
University of Tennessee 
Physiology of Reproduction - Pioject 5 125 ,000 
Whole Body Effects of Irradiation - Project 10 141,000 
Nutrition and Metabolism of Fission Products and 
Related Nuclides - Project 2 (B) 165,000 
Sub-Total 14,296 ,53 


Research Equipment 859 ,000 


7 — 
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TABLE IT 


PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Institution and Descriptive Statement 


2. Research Involving Environmental Contamination 
(a) FALLOUT STUDIES 


Off-Site Research Projects 


iculture, U. S&S. t. of 


Collection and Preparation of Samples of Soils, Plants, 
and Animals for Calcium and Strontium Analysis. 


Air Force Special Weapons Center 
Ai Air Sampling Project 

U. S. Air Force, Headquarters 
Pr 


oject “Ash Can" 
U. S. Air Force, Air Res. and Development Command, 
Air Force Cambridge Res. Center, Bedford, Mass. 
VHA Tracer and Strontium-90 Studies (Hardtack) 


U. S. Air Force, Headquarters Command, Bolling Air Force Base 
Ash Can Operations - Goodfellow AFB, Texas 


Arkansas, University of 
Radioactive Fallout 


Armour Research Foundation of Illinois Institute of Technology 


Some Studies Related to Radioactive Fallout 


Atlantic Research Corporation 
Sampling of the Upper Atmosphere for Particulate Matter 


Columbia University, Lamont Geological Observatory 
Distribution of Nuclear Fallout 


Commerce, U. S. Dept. of, Weather Bureau 
Transpert, Deposition and Meteorological Effects of Atomic 
Test Debris in the Atmosphere 


Del Electronics Corporation 
Research and Development on an Electrostatic Stratospheric 


Dust Sampler ~ 


General Millis, Inc. 
Stratespheric Particle Collection Studies 
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Estimate 


FY 1960 


$ 7,041,700 


$ 52,000 
30,000 


750,000 


161,000 
162,000 
25,000 
35,000 
100,000 


137,000 


88,000 


70,000 


300, 000 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 
Estimate 
Institution and Descriptive Statement FY 1960 


2. Research Involving Environmental Contamination = contimed 
(a) FALLOUT STUDIES - contimed 


Georgia Institute of Technology 
An Investigation of the Particle-Collecting Capability of 


Thermal Precipitators at Simlated High-Altitude Conditions $ 8,000 


Health, Education and Welfare, Dept. of, National Institute 


of Health, NIAMD 

Interdepartmental Committee on Nutrition for National Defense 5,000 
Health, Education and Welfare . Public Health Service 

Establishment of Radiation Surveillance Network 75,000 
Interior, U. 5. Dept. of, Geological Survey 

Aerial Radiological Surveys 450,000 
Isotopes, Inc. 

Interpretation of Westwood, New Jersey Fallout Data 20,000 


Meteorology Research, Inc. 
Study of Routine Stratospheric Sampling 50,000 


Miami, University of, Marine Laboratory 
Gecthemical Studies in the Radioactive Nuclides in Sea 
Water and Sediments 43,000 


Michigan, University of 
Rain Scavenging of Particulate Matter From the Atmosphere 16,000 


Mount Washington Observatory 
Study of the Collection of Radioactive Debris by Cloud 
Particles and Precipitation 10,000 


Navy, U. S. Department of - Naval Research Laboratory 
Radioactivity Monitoring Program 40,000 


Nuclear Science and Engineering Corp. 
Research and Development Program to Broaden the Significance 
of Fallout Data: Radiochemistry Research and Development 15,000 


Stockholm, University of 
An Investigation of Tritium in Atmospheric Moisture, 


Rainwater, Rivers, and the Sea in the European Area 14,500 


Sub-Total $2, 656,500 
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Estimate 
Institution and Descriptive Statement FY 1960 
2. 
On-Site Research Projects 
Hanford - General Electric Co. 
Atmospheric Transport, Diffusion, Deposition and 
Accumation of Radioisotopes $ 223,900 
Health and Safety Laboratory 
Collection and Analysis of Fallout Samples 117,000 
Sunshine Program - The Distribution of Sr-90 and 
Other Radioisotopes in a variety of Semples 252,000 
Development Studies 73,000 
Fallout Countermeasures and Decontamination Studies 11,000 
Radiological Assistance 13,000 
Consultation and Other Staff Services 45,000 
Contractor Analysis 530,000 


University of California at Los Angeles 
Studies of the distribution, amounts, types and duration 


of radioactive materials resulting from miclear reactions 456,000 


- University of Washington 
Marine Surveys to Measure the distribution and movement 


of radiation and isotopes from Weapons Tests 140,000 
Sub Total $1, 860, 500 
(b) ECOLOGY, MARINE SCIENCES, WASTE DISPOSAL, MICROMETEOROLOGY $2, 305,700 


Off-Site Research Projects 
Agriculture, U. S. Dept. of ~ Forest Service 
Obtaining Accurately Dated and Located Turpentine 
Samples for the Contemporary Natural C-14 Survey 12,000 


Alaska, University of 
An Ecological Study of the Flora and Fauna of the 


Cape Thompson - Ogotoruk Creek Region, Alaska 110,000 


Bermuda Biological Station for Research, Inc. 
The Plankton Ecology and Related Chemistry and 


Hydrography of the Sargasso Sea 30,000 


Bri Yo Universit 
Comparative Ecological Studies of Animals 35,000 
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PROGRAM ACTIVITIES RELATED TO 


Institution and Descriptive Statement ‘ _Fy 1960 





Off-Site Research Projects - continued 


Brigham Young University 
Comparative Population Studies of Vertebrates in the Uranium 
Areas of the Upper Colorado River Basin, with Specific Re- 
ference to the Natural Effects on the Animals Inhabiting the 





Areas of Heavy Radiation o 9,500 
California, University of 

Analysis of the tion Dynamics of Brooks Isiand House 

Mice (Mus musculus 3,600 


California, University of ~ Scripps Inst. of Oceanography 
A Study of the Transfer of Heavy Metals from Seawater to 
Sediments, with Emphasis on Members of the Natural Radio- 
active Series 35,000 


California, University of - Scripps Inst. of Oceanography 
Proposal for Study of the Behavior and Significance of Tracers 
of Certain Radioactive Substances Found in the Hyperion 
Treatment Plant, City of Los Angeles 15,000 


California, University of - Scripps Inst. of Oceanography 
Investigation of Mixing Processes in the Atmosphere 
and Sea Utilizing Stable and Radioactive Isotopes 30,000 


Central Michigan College of Education 
A Study of the Ecology and Taxonomy of Fresh-water Midges 
(Tendipedidae: Diptera) of Michigan with Special Reference 
to Their Role in the "Turnover" of Radioactive Substances 
in the Hydrosol 12,000 


Chicago, University of 
Research on Tritium in the Atmosphere 25,000 


Colorado, University of 
Ecology of Selected Stands on the East Slope of the Front 


Range in Colorado 32,000 
Columbia University 
Theoretical Rates of Transfer and Mixing of CO, in the Ocean 16,000 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Estimate 
Institution and -Descriptive Statement FY 1960 


2. Research Lnvolving Envirommental Contamination - continued 





Off-Site Research Projects- contimed 


Columbia University, Lamont Geological Observatory 
Studies of Circulation of the Deeper Oceanic Water $ 51,000 


Connecticut, University of - Marine Research Laboratory 
Proposal to Inventory the Macroscopic Benthic Faune of 


Various Locations off the New England Coast 9,100 
Connecticut, University of - Marine R Laborat 

Radioactive Zinc-65 in Marine Or; in Fisher's 

Island Sound and Its Estuaries 14,100 


Emory Universit 
Ecological Effects of Radiation at the Lockheed 
Reactor Site 60,000 


Florida, University of 
Rates, Amounts, Nuclide Origin and Effects of Radiation 


Afquired by Fresh Water Microorganisms under Experimental 
Control 15,000 


General Services Administration 
Federal Radiation Council 13,000 


Georgia, University of 
Study of the Ecological Change on the AEC Savannah Area 
Through the Use of Indices for Total Commmity Function 
and Measurements of the Biomass of Key Populations 20,000 


Hawaii, University of ° 
Investigation of the Possible Effects of Ingestion of 
Radioactive Fish and the Nature and Biology of Toxins 
Found in Certain Fishes 20, 000 


Hawaii, University of - Eniwetok Marine - Biological Lab. 
Technical and Administrative Functions Of Eniwetok Marine 


Biological Laboratory Operation 15,000 


Hawaii, University of 
A Study on the Effects of Ionizing Radiations upon 
Developing Sea Urchins 17,700 
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Off -Site Research Projects - continued 


Interior, U. S. it of - Fish e ce 
Accumlation of Fission Products by Marine Fish and = 
fish 


Johns Hopkins Universit 
Fundamental Investigations of the Behavior of Aerosols 


Johns Hopkins versit 
Silt Adsorption of Radioactive Zinc and Iron 


Louisville, University of 
A Radioecological Study of the Biota of Doe Run, Meade 
County, Kentucky 


Maryland, University of 
A Study of Plankton Nutrition and Antibiosis Using 


Radioisotopes under Varying Ecological Conditions 


Massachusetts Institute of Technology 
Planetary Transport Processes in the Stratosphere 


Miami, University of 
The Sedimentation of Manganese in the Open Ocean 


Minnesota, University of 
Physiological Crop Ecology Using Radioisotopes 


Naples Zoological Station 
Iodine Metabolism and Evolution of Thyroidal Fraction in 
Marine Invertebrates 


National Academy of Sciences - ONR 
Committee on Oceanography 


New Mexico Highlands University 
Selective Demuding Action of Atomic Radiation on Vegetation 


of Some Nevada Sites and Gross Changes in the Surviving Flora 


North Carolina State College 
Studies in the Ecology of Fresh-Water Algae in North Carolina 


841 





$ 41,200 


15,000 


24,000 


9,900 


3,700 
30,000 
10,700 


35,000 


15,000 


10,000 


40,000 


10,000 
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Off-Site Research Projects - contimed 


North Carolina, University of 
Studies in the Relationships between the Distribution 


and Abundance of Estuarine Level Bottom Populations 
and the Distribution of Associated Sediment Types 
in Bogue Sound, North Carolina $ 5,800 


Northwestern State College 
The Geographic Distribution and Habitat Preference of Midges 
(Family Tendipedidae: Order Diptera, Insecta) in the Streams 
of the Principal Water-sheds Lying Between the Red River in 


Louisiana and the Rio Grande in Texas 7,800 

° cultural iment Station 

Bioclimatic And Soils Investigations in Forest Environments 25,000 
Qhio Agricultural Experiment Station 


Detailed Characterization of Soil and Vegetation on Selected 
Sites to Serve as Basis for Future Evaluations of Effects of 
Radioactive Contamination 75,000 


Pittsburgh, University of 
The Ecological Potential of the Ohio River with Special 


Reference to the Radioactivity fram the Shippingport Atomic 
Power Station and Other Nuclear Establishments on the Upper 
Ohio River Basin 100, 000 


Smithsonian Institution 
Systematic Zoological Research on the Marine Fauna of the 
Tropical Pacific Area 30,000 


South Carolina, University of 
Research Concerning the Accumlation of Radioactivity by Plants 5,000 


South Carolina, University of 
An Ecological Study of the Fishes of the Savannah River Drainage 12,000 


South Carolina, University of 
An Ecological Study of the Vascular Shore Plants of the PAR 
Reservoir, Savannah River Plant 8,500 


Tennessee, University of 
Vegetation Studies Related to Disposal of Radioactive Wastes 35,000 
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Off-Site Research Projects ~- continued 





Effects of Radiation on a Natural Population of Lizards $ 7,600 


Texas A. & M. Research Foundation 
A Study of Some Factors Involved in the Disposal of 
Radioactive Wastes at Sea 


Texas, University of 
Direct and Indirect Effects of Radiation on Genetic 


and Developmental Systems of Vertebrates 


Tulane University 
Dynamics of Mammal Populations 


Wabash 
A Contimuing Ecological Survey of the W. C. Allee 
Memorial Woods and the Bordering Sugar Creek 


The Weizmann itute of 
Tritium Concentrations in Natural Water Sources in 
Eastern Mediterranean Area 


Wisconsin, University of 
The Accumulation of Mineral Elements by Native Plants 


Woods Hole Oceanographic Institution 
Radioelement Studies in the Oceans 


Woods Hole Oceanographic Institution 
Biological and Radiochemical Studies of Coastal 
Plankton Populations 


Sub Total 
On-Site Research Projects 


Argonne National Laboratory 
Meteorology Studies 


Brookhaven National Laboratory 
Meteorology Studies 


45,000 


8,000 


10,000 
12,000 


15,000 
15,000 


50,000 


$1,431,200 


170,000 


170,000 
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Qn-Site Research Projects - continued 


Eniwetok Marine Biological Laboratory 
Radio-ecological Research in and around Eniwetok, and - 
Fundamental Investigations in Non-testing periods $ 27,000 


Hanford - General Electric Co. 
Transfer and Effects of Radioactive Materials Upon Ecology 


Systems 71,500 
Oak Ridge National Laboratory , 

Environmental Research 256,000 
University of Washington 140,000 


High Intensity Radiation Studies at Bikini and Eniwetok 
Atolls to evaluate the Biological Effects of Atomic and 
Thermonuclear Weapons 

Rongelap Ecological Survey to Determine Fallout Effects on 
Plants and animals 

Translation of the knowledge Gained during Weapons Tests 
to Peace Time Applications in Agriculture and Biology 

Evaluation of potertial and actual effects of the explosion 
of muclear devices on the marine environment of the Cape 
Thompson area of Aiaska 


U. S. Weather Bureau - Oak Ridge Area 





Meteorological Services to AEC 40,000 
Sub Total $874, 500 
Research Equipment $219,000 
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TABLE I 
PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 
Estimate 
Institution and Descriptive Statement FY 1960 
3. Research Related to Treatment of Radiation Injury 
and Alteration of Radiation ects $e 356 200 
Off-Site Reasearch Projects 
iculture, U. S. Dept. of - icultural Research Service 
Equipment and Methods for Decontamination o icultural 
Lands Contaminated by Radioactive Fallout $ 44,500 
Albert Einstein Medical Center 
Studies on mical Protection Against Radiation-Induced 
Intestinal Injury 10,000 
Biochemical Research Foundation 
Search for Ant imutagens 22,000 
Buffalo, University of 
Immunological Factors in Bone Marrow Transplants 30,000 
California, University of - L. A. 
The Metal Binding Capacity of Tissues and Tissue Fractions 
and Its Relationship to Antioxidant Activity 13,500 
The Children's Medical Center - Children's Cancer Research 
Foundation 
The Nature of Bleeding in Pancytopenia with Special Regard 
for Thrombocytopenia and the Vascular Defect 40,000 
Chile, State University of 
Immunogenetic Study of the Mechanisms of Protection Against 
Radiation Death by Treatment with Bone Marrow 10,600 
City of Hope Medical Center 
A Study of Leukopoietic Factors in Blood 9,900 
Columbia University 
Studies on Bone Demineralization with Emphasis on the 
Removal of Strontium 15,000 
Emory University 
A Study Concerning the Relationship between Radiation 
Recovery and Cell Metabolism 9,000 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 
institution and Descriptive Statement 
3. Research Related to Treatment of Radiation Injury 
and Alteration of Radiation Effects - continued 
Off-Site Research Projects - continued 
Health, Research, Inc. - Roswell Park Memorial Inst. 


The Role of Serum Erythropoietic Factor in the Anemia 
of Malignancy 


Jefferson Medical College of Philadelphia 
ansplantation of Preserve row Between Animals 
and from One Human to Another 


Johns Hopkins University ’ 
Blood Coagulation, Hemorrhagic Disease 


Linfield Research Institute 


Research and Development of a High-Intensity Pulsed 
X-Ray System for Biological Studies 


a Imogene Bassett Hospital 
e Collection, Storage and Fate Following Transfusion 


of Hemopoietic Cells 


Massachusetts General Hospital 
The Collection, Storage and Use of Human Cadaver Marrow 


Montefiore Hospital 
e Development of Chelating Agents for Enhancing the 
Urinary Excretion of Strontium 


Medical Evangelists, College of 
A Study of Leukopoietic Factors in Blood 


National Academy of Sciences 
Planning Committee for an “ad hoc” Conference on 


Chelating Agents in Medicine 


National Academy of Sciences 
Follow-up Examination of Physicists Formerly under 
Surveillance of the Committee on Radiation Cataracts 


New England Center Hospital 
Bone Marrow Research Project 





Estimate 


$ 12,000 


22,000 


18,000 


75,000 


32,000 


45,000 


20,000 


17,800 


1,000 


2,200 


45,000 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Institution and Descriptive Statement 
3. Research Related to Treatment of Radiation ca 
eration o ation 6 - 
Off-Site Research Projects ~ continued 


New Center Hospital 


siopa ogy © telets and Development 
of Platelet Substitutes 


Research Foundation of the State University of New York 
Studies of Photoreactivation in vitro 


The icultural and Technical Co of North Carolina 
Bioc c ogical sons 0 ated 
Mice and Rats Treated with Bone Marrow Transplants 


Notre Dame, University of 
Mechanisms Involved in the Actions of Radiations on 


Living Cells 


Parke, Davis and 


ctors rat y Animal Tissues Which Stimulate Rate 
of Regeneration of Hematopoietic Organs of Animals Exposed 
to Total Body Irradiation with Gamma Rays 


Peter Bent HEE Hospital 
ogram for udy of Transplantation of Marrow, 


Tissues, and Whole Organs, and of Related Topics in 
Surgical Research 


Polytechnic Institute of 


Determination o tivity o Earth Cations in 
Biological and Other Aqueous Media by Means of Multilayer 
Membrane Electrodes 


Rochester, University of 
An Investigation into the Pharmacological Properties of 
Anti-Irradiation Drugs 


Rochester, University of 
Individual Response to Ionizing Radiation in Animals and 
Patients 


Rochester, University of 
Dynamic Aspects of Skeletal Metabolism 


54561 O—60——_55 
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Estimate 


ee} 


$ 30,000 


7,900 


10,000 


14, 500 


65,000 


50,000 


18,000 


22,000 


30 ,000 


18, 500 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 


Institution and Descriptive Statement 


3. 


Research Related to Treatment of Radiation 
eration o ation ects - con 


Off-Site Research Projects - continued 


Tennessee, University of 
Protective Action of Bone Marrow Perfiusate and AET 


in Irradiated Monkeys 


Texas A & M College 
Study of the influence of Pre- and Post-Natal Low 


Intensity Chronic Radiation on the Structure and 
Function of the Germinal Epithelium in the Albino 
Mouse 


cen Medical College of 
e Homotransplantation of Fetal Blood Cells and 
Tissues in Animals Receiving Fetal Whole Body Radiation 


Washington, University of 
Lymphocyte Formation, Life Span, Fate, and Potential 
for Repopulating Hemopoietic Tissues of Irradiated 
Animals 


Western Biological Laboratories 
Further Studies of an Unidentified Factor in Liver which 


Prolongs Survival of Animals Administered Multiple Sub- 
Lethal Doses of X-Irradiation 


Yale Universit 
Biologic Implications of Isologous and Heterologous 
Bone Marrow Repopulation in Irradiated Animals 


Sub-Total 


Estimate 


$ 45,000 


19,000 


25,000 


16, 200 


5,000 


12,500 


$902, 500 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 





‘ Estimate 
Institution and Descriptive Statement FY 1960 
3. Research Related to Treatment of Radiation Injury 
and Alteration o ation ects 
On-Site Research Projects 
Argonne National Laboratory 
Radioelement Metabolism in Humans $415,000 
Modification of Radiation Effects 184,000 
’ : Ao, © 
Lawrence Radiation Laborato 
Protection from Long Term Effects of Irradiation 20,000 
Treatment of Irradiation Injury - Bone Marrow Transfusion 29,000 
Oak Ridge National Laborato 
Radiation Protection - ng Cells 140,000 
Mammalian Radiation Recovery 300 , 000 
Radiation Immunology 178,000 
Rochester Universit 
Studies of therapy of the radiation syndrome, etc. 
Role of immunological changes in radiation syndrome 30,000 
Studies of the éndocrine imbalancesiin the irradiated 
‘animal. Use of the chick embryo as an assay method 
for evaluation of the protection or therapeutic effect 
of various humoral and chemical agents 60,000 
Sub-Total $1,356,000 


Research Equipment 98, 000 
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Institution and Descriptive Statement 
4, 


Radiological Physics, Radiation Protection and Instrumentation 
and Measurement 





Off-Site Research Projects 


Allen B. DuMount Laboratories, Inc. 
The Construction of a Nuclear Track Viewing Device 


Allen B. Dumont Laboratories, Inc. 
Research and Development of Photosensitive Devices 


Anton Electronic Laboratories, Inc. 
Proposal to Develop Low Background Level Detection Tube 


Army, U. S., Corps of Engineers 
Program of Research and Development on Scintillation Crystals 


Chicago, University of 
Development of an Image Amplifier 


Columbia University 
Development of Instruments and Procedures for the 
More Accurate Evaluation of the Cumlative Occupational 
Dose in Radiology 


Commerce, U. S. of, National Bureau of Standards 
Biophysics and Instrumentation 


Corning Glass Works 
Producing Low Radioactive Photomltiplier Bulbs in Soft Glass 


Ionics, Incorporated 
The Determination of Low Level Concentrations of Thorium and 
Radium 


Levinthal Electronic Products, Inc. 
Study of Scintillation and Other Related Properties of 
Nal Crystals 


New Center Hospital 
Development of Small in vivo Detectors 


New Mexico, University of 
The Synthesis and Properties of Compounds Which May be Used 
as Scintillation Solutes in Liquid Scintillators 


$ 25,000 


73, 500 


24,500 


12,000 


100,000 


9,000 


300, 000 


3,500 


100,000 


32,000 


20,000 
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PROGRAM TES TO ON 


Institution and Descriptive Statement 


Radiological sics ti ion and tion 


and Measurement - continued 


Off-Site Research Projects - contimed 


New York University 
Measurement of Environmental Radiation 


Notre Dame, University of 
Fundamental Research on Photoemission 


Polytechnic Institute of Brooklyn 
Color-Forming Dosimeters for Ionizing Radiation 


Radio Corporation of America 
High - Gain Cascaded Image Tubes 


Radio Corporation of America, RCA Laboratories 
Photomiltiplier Tube Researth and Development 


Sloan Kettering Institute for Cancer Research 
Equivalence of Absorbed Radiation Energy and 
Cavity Ionization 


St. Procopius College 
I. Special Sedtiees in Nuclear Instrumentation 

II. Ionization or Gases 

Westi se Electric tion . 
Proposal for Research on Development of a High Gain Image 
Intensifier for Use with Scintillation Track Chambers 


Funds estimate for Planned Additional or Expanded Project 
Requirements 


Sub Total 


Estimate 


$ 20,000 


12,000 


23,000 


10,000 


90,000 


20,000 


75,000 


30,000 


509 , 000 


$1, 500, 300 
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Estimate 
Institution and Descriptive Statement FY 1960 
4, °. cal sics, Radiation Protection, tion 
and Measurement - continued 
On -Site Research Projects 
Argonne National Laboratory 
Radiation Dosimetry $ 120,000 
Brookhaven National Laboratory 
Dosimetry Research 100, 000 
Instrumentation 40,000 
Hanford - General Electric Co. 
Analytical, Bioassay, and Counting Methods 92,000 
Special Studies and Monitoring Methods 29,000 
Special Studies and Monitoring Methods 120,000 f 
Ground Waste Investigations 45,000 ; 
Geological Studies 29, 000 t 
Soil Chemistry 80,000 . 
Soil Physics 62,000 
Micromeritics and Related Studies 19,000 
Radiation Dosimetry 187,000 ' 
Chemical Dosimetry 22,000 t 
Instrumentation 7132,000 f 
Health and Safety Laboratory » 
Periodic and Special Industrial Hygiene and Physics Surveys 131,500 k 
Studies Leading to Standards of Control 16,000 bs 
Development of Methods and Procedures to Implement Environment : 
Health Surveys 45,500 f 
Ioan, Maintenance and Calibration 33, 500 4 
Background Radiation Studies 35,500 ' 
Nuclear Safety and Reactor Hazards Evaluation Studiés ’ f 
Consultation and Other Staff Services (Health Physics) 52,000 ; 
Neutron Dosimetry Studies 10,000 Z 
‘Developmental Studies: iffsZnstrumentation 35,500 : 
Design and Fabrication Laboratory Counting and Recording 5 
Equipment “e300 ; 
Low Level Activity Measurement Facilities & 


Maintenance of Ieboratory Counting Equipment 
Instrumentation for Envirommental Surveys 36. 500 
Consultative, Educational and Other Staff Services (instruments) io, 000 
Relocation of Health and Safey Laboratory 


, 
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PROGRAM ACTIVITIES RELATED TO RADIATION PROTECTION STANDARDS 
ate ° Estimate 


960 Institution and Descriptive Statement FY 1960 
4, Radiological sics tion ct t tion 

f and Measurement - continued 

& 

' -Site Res ects - cont 

& 

Lawrence Radiation Laboratory 
00 Health Physics $ 76,000 

Instrument Development for Medical Physics 79,000 

4 Physical Biochemistry 9,000 
00 
100 x Oak Ridge Nat 

: Research Participation and Traveling Lecture Program-Biophysics 17,000 

: Mathematics and Computation Health Physics 52,000 
100 ¢ Fast Burst Reactor Studies 150,000 
00 4 Internal Dosimetry 237,000 
00 Evaluation of ORNL Waste Treatment and Waste Disposal 
00 Facilities 115,000 
00 Physics of Tissue Demage 90, 000 
00 Medical Nuclear Instrumentation 60,000 
00 Basic Instrumentation 75,000 
00 Radiobiological Research 223,000 
00 Applied Health Physics 63,000 
400 Shielding 29,000 
00 Special Problems of Gamma Radiation Dosimetry 23,000 

Rochester University 
500 3-171 Health Physics, Instrumentation 61,000 
900 
University of California at Ios es 
500 Neutron Dosimetry - Fast Neutron Studies of distribution 
500 es and depth-dose 23,000 
500 E Radiation Dosimetry - The development of Chemical dosimeters 30,000 
00 2 Instrumentation developmental problem 100, 000 
000 ' Field Testing - Kiwi A 20,000 
000 : 
500 Albuquerque Operations Office 
Civil Effects Test Program 382,000 

a Sub Total $4,786, 300 
Research Equipment 169,000 
000 








CHAPTER 5. STATEMENT OF THE DEPARTMENT OF HEALTH, 
EDUCATION, AND WELFARE 


Public Health Service Bureau of State Services 
Report of the Division of Radiological Health 
to the Joint Committee on Atomic Energy : 
Activities for Fiscal Years 1960-1961 

During 1959 good progress was made toward establishing the 
foundations of an effective, nation-wide program of radiation protec- 
tion for the general public, utilizing the Federal, State and local 
public health agencies, At the national level, these activities were 
focused in the Division of Radiological Health of the Public Health 
Service, Department of Health, Education and Welfare. Important 
responsibilities were carried also by other units of the Service, notably 
the air pollution and water pollution programs; and by other constituants 
of the Department--the Food and Drug Administration in sontaetines 
Strong cooperation in these efforts was given by the Atomic Energy 
Commission, Department of Defense, Bureau of the Budget, and other 
agencies of the Executive Department. 

This Committee, and the House and Senate Appropriations Subcommittees 
concerned with health appropriations gave invaluable cousel and support. 

Inherent in these developments was the growing recognition that ion- 
izing radiation and other contaminants in the environment --chemical, 
physical, and biological--have come in recent decades to take place 
along with infections and chronic diseases gs significant health problems. 
Because they are a consequence of rapid scientific advances, population 
growth, urbanisation, and industrialization--they are certain to increase, 
although the exact degree is difficult to forecast at this time. 

Among the evidence of this recognition are five important documents 


issued during 1959. 
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1. The hearings of the Joint Committee on Atomic Energy which 
dealt with fallout, radioactive waete disposal, and Federal-State co- 
Operation in the atomic energy field. 

2. The report and recommendations of the Surgeon Generel's 
National Advisory Committee on Radiation. 

3. The recommendations developed at « radiological health confer- 
ence held in April, 1959, arranged by the Public Health Service at the 
request of the Association of State and Territorial Health Officers, 
with participation by the Atomic Energy Commission, and Food and Drug 
Administration. 

4. The Presidential Executive Order of August 14, 1959, and 
supplementary White House statements, which established the Federal 
Radiation Council and directed the Department of Health, Education, and 
Welfare "to intensify its radiological health efforts and have primary 
responsibility within the Federal establishment for the collation, enalysis, 
and interpretation of data on environmental radiation levels...so that 
the Secretary of the Depertment of Health, Education, and Welfare may 
advise the President and the general public". 

5. The 1959 request by the House Appropriations Subcommittee 
that the Public Health Service make « thorough study of environmental 
health problems, including radiological health, and of the most efficient 
organisational facilities to meet these problems. (The preliminary re- 
sults of these studies and expert testimeny on the critical nature of 
envirormental health problems were presented at special hearings before the 


Subcommittee of the House Appropriations Committee, March 8 and 9, 1960.) 
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For the advance print of selected materials issued by this Joint Com- 
mittee last year, prior to ite hearings on Federal-Stete Cooperation in the 
Atomic Energy Field, the Public Health Service submitted a comprehensive back- 
ground report. This included discussions ef statutery suthority of the Public 
Health Service relating to radiological health, the radiation health problems 
faced by public health agencies, the existing organizations, activities, and 
relationships between Federal and State agencies for dealing with these problems, 
and the status of radiologicel training, research and technical assistance 
activities of the Public Health Service. 

The present report will not repeat the baseline facts contained in last 
year's advance print. Instead, it will eummsrize what has been seccomplished by 
the Public Health Service and the States during the past year in preparation for 
adequate discharge ef the greater responsibilities for radiation pretection that 
have been given to health agencies by the Congress, by the President, and by 
State and local governments. 

Relevance of control progrems to radiation protection standards: A status 
report on the beginning efforts of Federal-State health agencies to develop 
nation-wide radiological health programs is considered relevant to these hearings 
on radiation protection standards. Virtually all important public health pro- 
cedures are conducted in eccordance with accepted ecientific and technical 
etandardse. These etendards ere derived from leberatory, clinical and epidemio- 
legical research and from practical epplicetion, sometimes extending back for 
many generations. By definition, a public health problem is one affecting a 
great many people and, in thie nation, one in which the primary responsibility 
for control has traditionally rested with State and local health agencies. Con- 


versely, the essence of effective public health practice is the successful 
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applicetien ef valid standards. 

Radiation and enviroumental health: In recent years the trend toward 
extreme specialization in medicine and public health has been a matter of growing 
concern to leading practitioners, philesophers and teachers in these fields. 
This concern derives from the increasing realisation of vital interrelationships 
between various human ergans end physiological processes; between various 
branches of science; and between the many technical especte of public health. 
There ere innumerable instances where medical attention that is focused toe 
narrowly upon one aspect ef individual human illness misses the related signifi- 
cance of another aspect--te the detriment of the patient. This problem has 
manifested itself in the warning frequently encountered in medical literature 
thet “the physivian must consider the whele patient--and not just the obvious 
sympton or affected part.“ 

This ie equally true in that phase ef highly organised, wide-scale 
preventive medicine which is the structure end practice of public health. And 
it is particulerly true with respect to that complex of related hazards which 
have been grouped as problems of enviroumental health, of which radioactivity 
has become one of the most important. 

The need for an organiaetioneal structure specifically designed te cope 
effectively with these new, related and rapidly grewing problems hes been « 
matter of intensive study within the Public Health Service, and to the Camittees 
of the Congress which each year consider its eppropriations requests. 

At especial hearings on the problems of enviroumental health held March 


8-9, 1960, by the Subcommittee of the Heuse Appropriations Committee, the Surgeon 
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General presented « repert ef a group of independent experts appointed by him 

to study this question. The follewing excerpts from the summary of their report 
provides @ good indication ef the trend ef expert thought concerning this probdien, 
Plane te implement the concepts and recomendations of this expert group ere 
being developed by the Public Health Service. 


“Health activities designed te control biological agents of 
disease are so interwoven with our everyday lives, our structure of 
Goverment services, and ovr econemic systems, as to be taken for granted 
by the everage citisen, elthough public health experts are ewere that 
gape etill exiet in the available centrolse of some ef these biological 
haserds. 


"In addition, ower the past severel decades, significant and growing 
nenbiologicel health hesards have erisen. Our increased use of usterials 
and products is attended by increasing quantities ef potentially toxic 
substances in the limited physical dimensions of man's environment... .The 
diverse and grewing beneficial uses of nuclear energy are preducing a 
whole new spectrum of haserds te health, beth for present and for suc- 
ceeding generations. 


“While the bielegical hasard in the envirenment normally assaults 
the individual in discrete and separate instances, the chemical and 
physical hazards come more eften in intermittent er centinucus doses 
through « variety of vehicles. It is the total and cumulative expesure 
ef the individusel te ionising radiation that is important no matter 
how the separate components reach him. Of no less cencern is the total 
exposure te chemical toxicants through air, water, and food.... 

“Ower the next decade, social and ecenemic forces will increase 
the petential ef enviromental health hesards. The challenge te public 
health is te make comprehensive assessment ef the interacting effects of 
these hasards and to epply preventive measures and contrels to eliminate 
er minimise their damage. There will be majer growth in expenditures 
by State and local governments and by industry for facility construction 
and operation, and for ether controls. The Public Health Service is 
faced particularly with the need for an expanded program of research, 
training, and technical services. 


"The need for a high level erganisational unit to carry out the 
environmental health mission of the Public Health Service is apparent. 
Within euch @ unit, there must be strong professional leadership, an 
integration of biemedical end engineering activities, and as close a re- 
lationship es pessible between eperational and investigatory groups. in 
addition to an expanded intramural research progrem, there should be en 
extensive extramural program. All of the working mechaniems of the Public 
Health Service--direct operations, grants, contracts--must be available 
for all of the environmental health programs." 
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SUMMARY OF DIVIS ACTI 


The work of the Division of Radiological Health during fiscal year 
1960, and plans for the years immediately following, parallel rather closely 
the pattern that has been followed in the past for most newly emerging nation- 
wide health problems. Reduced to its essentials, this pattern is in three 
closely related segments--technical and financial assistance to the health 
agencies of State and local governments; helping to train the requisite | 
number of professional and technical workers; and research oriented toward 
solving the particular scientific questions involved. 

As a preface to more detailed descriptions of the Division's work in 
these three primary ereas during the current fiscal year, and its plans for 
the years immediately ahead, a summary is herewith presented, In this summary, 
emphasis is given to basic concepts, to broad policy considerations, and to 
pertinent recommendations by the National Advisory Committee on Radiation 


and by the State and Territorial health officers. 


TECHNICAL ASSISTANCE TO STATES: The complex, yet effective Federal-State 
relationships in the field of public health revolve around the concept of 
local and State primary responsibility. The Federal health service provides 
consultation, leadership, coordination, and direct technical heip to the end 


that the States and communities may attain the maximum of self-sufficiency. 
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This process has been found by the Public Health Service, through years of 
experience, to be the most effective means of mounting new health programs 
for the U. S. population, 

The attitude of the State and Territorial Health Officers on this point 
as expressed at the 1959 Conference may be summarized as follows: 


It was recognized by the group that technical assistance froa 
the Public Health Service is essential to the development of State 
radiation control programs. 


Previous experience in the development of tuberculosis control, 
venereal disease control, environmental sanitation, mental health, and 
dental health programs points to the wisdom of providing this type of 
assistance in the present stages of the radiological health program. 
It is recognized that industry, universities, the military, and AEC 
can also provide consultation to State and local agencies. 


The kinds of consultative and technical assistance services that 
should be provided were discussed. The following priorities were es- 
tablished: 


1. Definition of problem and planning of program, including ob- 
jectives, personnel needs, and financing (including consideration of 
grants-in-aid funds). 


2. Consideration of legislation, public health standards, and 
regulations. The importance of technical essistance in determining the 
need for enabling legislation cannot be overemphasized. 


3. Technical assistance in the preparation of a program of 
training for the State and local health agencies, and assistance in 
in-service training. 


4, Development of physical resources; (selection, evaluation, 
and maintenance of equipment; plenning, funding, and implementation of 
laboratory services.) 


S. Aid in the resolution of specific problems, including: 
field definition of radiation exposure, as, for example, in medical 
X-ray exposure; site surveys; hazards evaluation; interstate and 
international radiation problems; air and water pollution; medical 
investigation of reported over-exposure and other injuries; etc, 
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6. Relating State capabilities to accident and civil defense 
requirements, in view of the activities of the AKC, the Department of 
Defense, the Office of Civil Defense Mobilization, and other similar 
agencies, 


These technical services may be provided with short periods of 
consultation or long-term assignment of Public Health Service persomel. 
The most urgent need at this time is the assignment of such trained 
personnel to the States for long periods of time. Recognizing that 
there may be need for individual variation, aside from an internship 
type of assignment, the group believes that these essignments should 
be made for a minimum of three years. 


A later section of this report will comment on specific technical assis- 


tance to States given during the current year and a projection of this ectivity 


in 1961 and beyond, 
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TRAINING: The formulation or improvement of radiation standards epplicable 
to the general population, as well as the control efforts themselves, will 
depend in considerable measure on the quantity and quality of local and State 
health depertment personnel engaged in radiological health work. 

The recommendations of both the National Advisory Committee and the 
conference with State and Territorial Health Officers bear on this subject of 


the need for trained manpower as follows: 


Rational iso t t 


“The increasing urgency for a comprehensive program of radiation 
protection in the United States...requires that there be available an 
ever-increasing number of individuals, well trained in radiation con- 
trol methods, with whom Federal, regional, State and local agencies may 
conduct their regulatory functions. The types of individuals who are 
needed fall into two general categories: 


/ 
(a) radiation health specialists and 
(b) radiological technicians. 


“By the term, radiation health specialist, is meant a person 
trained to the level of a master's or doctor's degree in the problem 
of radiation protection and capable of assuming a high order of responsi- 
bility in a radiation control program...By the term, radiological 
technician, is meant an individual trained to operate radiation 
measuring equipment and to conduct technical work under the supervision 
of a radiation health specialist. 


“at this time, the need for radiation health specialists appears 
to be most critical, Until such personnel are available in substantial 
numbers, programs in radiation control cannot become fully effective at 
any government level... 
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“From studies made by this Committee, it appears that the 
following constitute the personnel needs of the United States in the 
field of radiation control through the year 1970: 


“ E (a) radiation heelth specfalists - 1,200 
(b) radiological technicians - 4,000 


“These estimates are based upon the belief that approximately 
three to four technicians will be required for each health specialist 
in a nominal control program end that approximately one radiation 
health specialist will be needed for each 200,000 of population when 
the atomic energy industry approaches full development. Future studies 
may, of course, alter these values. 


"It is anticipated that the demand for radiation health specialists 
will increase progressively as State and local control programs develop. 
At the present time, the Public Health Service and State and local health 
agencies have need for 150 specialists who have completed a full program 
of training in radiation protection. By the end of 1966, it is anti- 
cipated that these needs will have expanded to the point where 650 
individuals can be profitably utilized; by 1970, it is estimated that 
1,200 will be required. These figures are over and above those 
currently needed by the Atomic Energy Commission for the conduct of its 
safety programs... 





"The training of professional and technical personnel with which to 
meet federal, State and local requirements over the years, is a problem 
of national importance, Hence, the Committee recommends that the agency 
(Public Health Service) be granted authority to undertake a broad range 
of training programs which will assure that the national, State and 
local needs for personnel trained in radiation protection will be satis- 
factorily met." 


nsi- 


2 State and Territoriel Health Officers Recommendations: 
rs ce 1. It is recommended that Public Health Service efforts to aid 
al 3 the States in training their personnel be strengthened, that specialized 
at f training through intensive short courses be greatly increased, including 


provision of a course for health educators, and that specialized training 
be provided in laboratory techniques and procedures for State laboratory 
personnel, 
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2. Professional personnel who will head programs in radiological 
health should be given at least 1 year's advanced academic training in 
the physical and biological espects of radiation. 


3. The Public Health Service should undertake an intensive 
program of assistance to the States in their own training efforts, in- 
cluding extensive loans of training aids such as manuals, movies, 
equipment, exhibits, etc. 

With these recommendations as guidelines, the Division of Radiological 
Health has placed very great emphasis upon its training activities. Results 


thus far, and plans for the years immediately ahead, will be described later 
in this report. 
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RESEARCH: The development of pore adequate standards for use in radiation 
protection of the general population depends on research designed to provide 
knowledge of the effects on humans of chronic, low level radiation from ail 
sources--natural es well as man-made--in various segments of the population. 
The leck of such knowledge sharply contrasts with the relatively complete 
information on the human effects of acute radiation exposure which forms the 


basis of existing standards. 


a - 
— 
DE LTT tS 


The National Advisory Committee commented on this situation es follows: 


"It may be worthwhile at this time to examine briefly the 
methods currently used in the United States in the formulation of 
standards of radiation protection. In regard to scientific data, 
considerable research in radiation biology, chemistry and physics 
is contributing to the store of scientific knowledge needed for 
standards development. This research is being supported by the 
Division of Biology and Medicine of the Atomic Energy Commission and 
the National Institutes of Health of the Public Health Service as well 
as many other governmental and non-governmental groups. Although the 
magnitude of this research is substantial, a review of current 
scientific data, which quantitatively relate radiation dose to bio- 

y logical effect, indicates that many gaps exist within these data 

. and that such gaps pose great difficulty in the establishment of 
many radiation protection standards on a wholly satisfactory basis. 
Since standards of radiation protection are of fundamental importance 
to the programs of radiation control, it appears to this Committee 
thet even greater emphasis must be placed on radiation research in 
the future. This is particularly so of scientific studies wich 
focus directly en the provision of data for standards development. 
Certainly, such research should be an important component of the 
radiation control program now in the process of development by the 
Public Health Services." 


FORESEES 


gece 


HS STE SURES 


The research of the Division of Radiological Health, both direct and 


es sponsored, is being designed specifically to help fill this gep in our 





knowledge of the human effects of chronic, low-level exposure. 





Additionally, 
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considerable developmental or applied research is being initiated or planned. 
Details of present efforte and those scheduled to begin over the next few 


years will be described later in this report. 


Analytical laboratory facilities expanded: The control of any public 
health problem begins with accurately and swiftly determining -its exact nature, 
location, scope, end probable trend. Local, regional, State and Federal 
programs for communicable disease control; sanitation, safe water, food and 


milk, and, of late, safe air--all depend upon strategically located, adequately 


housed and staffed laboratories. 


Such facilities at every level, the highly specialized competence to 
operate them, and the machinery for assessing the results coming from them are 
an absolute essential to radiation protection for the general public. 


Thus, the conference with the State and Territorial Health Officers 


recommended: 


"In discussing research and laboratory services, it was 
recommended that the States and the Public Health Service work in 
close cooperation toward the goal of assuring that State analytical 
services be developed, extended and refined so that ultimately the 
States can take over the routine analytical work, freeing the Public 
Health Service laboratories for the more specialized and technical 
research work which the State laboratories are not equipped to perfora, 
It was also recommended that the States, in turn, should plan to 
evadually decentralize routine testing to local laboratories. It was 
urged thet the Service be broaden its analytical reference service 
to insure standards procedures and uniform results of analytical 
work carried on in the various State laboratories." 


[Ta 


0 (NERD NRENRRRRRERI 








ely 


re 


oo NR EN PRT 


RET REE OTIS 


TIE 





RADIATION PROTECTION CRITERIA AND STANDARDS 867 


To this end, 4 prime objective of the Public Health Service during 
these beginning years of an intensified radiological health program will be 
to create a network of small regional laboratories. During the past 6 months 
such laboratories have been established at Las Vegas, Nevada and Montgomery, 
Alabama, A third facility, especially designed for research, development and 
training in the field of medical-dental X-ray control is under construction 
at Rockville, Maryland. 

More detailed descriptions of these facilities will be given later in 


this report. 











STATUS REPORT FOR ACTIVITIES OF 
DIVISION OF RADIOLOGICAL HEALTH--FY 1960 


An eccurate measure of the growth and the direction of Public Health 
Service activities in radiation protection is afforded by fiscal year expendi- 
tures since creation of the Division of Radiological Health in July, 1958, in- 
cluding the budget for FY 1961 which, es of thie writing (April 26, 1960), hed 


been approved by the House, but had not yet received final action in the Senate. 





Piseal Year Fiscal Year Fiscal Year 
1959 1960 1961 
(actual) (apprepriated) (President's 
budget) 
Research $204 ,740 $ 958,300 $2,658,700 
Technical ) 
Assistance ) 216,912 1,219,000 2,393,500 
te States ) 
Training 264 , 036 667,600 1,166,800 
Totals 685 ,688 2 ,844 ,900* 6,219,000 
Reimbursements 
(Punds trans- 
ferred from 
ether federal 
agencies) 622 ,361 850,000 875 ,000 


From a fiscal viewpoint the Division's program in FY 1960, and planned 
for 1961 ean be located on a curve of expanding activity plotted according to 
the recommendations of the National Advisery Committee. 

In presenting its estimate of the Federal cost of developing effective 
nation-wide rediation protection fer the general population the Committee con- 


mented as follows: 


* Includes $262,000 supplemental submitted te Congress but net approved to 
date (4/21/60). 
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"It is anticipated that the cost of a comprehensive program of 
radiation control, which includes the elements set ferth in the fere- 
going recommendations, will reach a level of approximately $50 million in 
@ period of 5 years. The committee recommends, however, that the program 
be developed gradually,...increasing in magnitude until full development 
is reached in 1965. Even with such progressive staging, the committee 
recognises that the pregrem is a substantiel one. However, the criterion 
of realistic need hae been continually before the committee in its 
deliberations. There is no question that the present situation calle 
for bold and decisive ection. With such action based upon sound principle, 
the committee believes that the Federal Gevernmment should proceed with 
all deliberate speed." 


assis 

One primary objective of the Service's sesietance to States is to pre- 
vide especially qualified consultants for cach ef the eight Public Health 
Service Regional Offices to plan and carry out programs designed to stimulate 
and support State radiological health activities. Thus far, four Regional 
Offices have been eo eteffed, and one or more additional effices will be staffed 
by June 30, 1960, if qualified candidates can be recruited. The remaining 
r@gional effices will be staffed with et least one professional person during 
fiscal 1961. 

Thirteen professional Public Health Service etaff members are currently 
assigned directly te eas many State Health Departments, and this number will be 
doubled in fiscal 1961, It is significant of the need for Federal support in the 
field of radiological health that 14 States te which no assignments of Public 
Health Service personnel have as yet been made have requested such assignment. 

The radiological health programs of 40 States have been inventoried to 
date, and plans are under development for recording and evaluating the programs 


of all 50 States. These inventories will be kept current, and a major goal will 
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be the establishment by all the States of records of e11 rediation sources 
within their boundaries. 

An especially important program ie that of helping the States and medical- 
dental groups achieve better centrol of radiation exposure in the healing arts. 
The current program ef the Service involving 3 positiens will be expanded in 
fiscal year 1961 to 20 positions. During fiscal year 1961, demonstrations of 
@perational techniques fer radielogicel hasards contrel will be provided to 
States initiating such centrel programs. The objective ef this project is te 
more fully support the State and local radiation control programs by augmentation 
of existing consultative services. Development ef methodology end techniques 
for minimising exposures in the healing arte will be censelidated at the Rockville, 
Maryland, facility. 

Radielogical health facilities te provide radiochemical yometpaiess and 
ether services te the States have recently been opened in Las Vegas, Nevada, 
and Montgomery, Alabama. Construction was started early during the present 
quarter of fiecal 1960 on a building near Rockville, Maryland to house en 
additional facility. Expressed in terms of positions, the present and immediate 
future status of these laboratories is as follows: fiscal year 1960, 24 positions; 
1961, 82, These installations will analyse radioactivity levels 
in environmental, animal, and human samples collected by the Service's surveil- 
lance networks, such es the expanded milk network; and do similar analyses for 
special studies. They will provide similer services to States which are not 
equipped te de their ewn analytical work. They will provide on-the-job training 


in these techniques fer State personnel, provide facilities for expanded short 
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course training and research activities ef the Division of Radiclogical Health 
and for ether activities such as development of methodelogy and instrumentation 
for X-ray safety programs. Mobile laboratories now being developed will be used 
to provide on-the-scene facilities for such prejects as the study of radio- 
activity levels in selected population groups in the San Juan Basin, New Mexico, 
and for selected training projects fer State personnel. 

nvent f Ss t The trend of the past year to plece more 
responsibility for comprehensive radiatien pretection in the States and lerger 
communities requires that the Division of Radiological Health maintain accurate 
knowledge of the legislative and administrative situation in each State. To 
accomplish this, a system for maintaining a continuous inventory of State 
activities has been established within the year by the Division. This system 
will not become fully effective until radielegical health consultants have been 
placed in all Public Health Service Regional Offices. Nevertheless, a good 
beginning has been made in recent months. 

Thus far, it has been possible to survey 40 States in « preliminary 
fashion. The following is a summary of the findings. 


Legislation 


Of the 40 States, seventeen have enabling legislation for radio- 
logical health activities, five have limited authority; five have pro- 
posed or pending enabling legislation; and thirteen have no specific 
enabling legislation. 


Sixteen States have comprehensive regulations which apply to 
radiological health; three have limited regulations; seven have proposed 
or pending regulations; and twenty-four have no radiation codes or 
regulations. 


Twenty-three States require registration of radiation sources 
and seven have preposed er pending registration requirements. 
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Advisery Bodies 


Twenty-six have ea State Atomic Energy Coordinator or Coeumittee; 
two more propese such. 


Fifteen have an Advisory Committee on Radiation to the State 
Health Agency; six have proposed setting up such a body. 


Personnel 
Sixteen of the forty inventoried have one or more full-time en- 
pleyees engaged in radiological health activities. Thirty-five have 


personnel engaged in such activities on a part-time basis, and five 
States presently have personnel in training. 


Program Activities 


Im the inventoried States, the following envirommental sampling 
programs ere conducted: 


Biological Ten States 
Water Twenty-six 
Food Six 

Milk Twelve 

Air Twenty-four 


Thirty-nine States participate in the Radiation Surveillance 
Netwerk. All States participate in the sampling network conducted by 
Air Pellution Pregram of the Public Health Service. 


Thirty-two States have conducted inspection programs. These are 
fer the most part in ceeperation with the Atomic Energy Commission or 
are X-ray installation surveys. 


ipment 


Thirty-one States have seme laboratory equipment, and thirty-six 


have some field monitoring equipment; ef these, approximately helf have 
indicated that they need wore. 


The principal limiting factors te development of more active programs 


within moet States are leck of funds. A limiting factor affecting all States 


and cities, and the Federal program as well, is the serious shortage ef especially 


trained people referred to earlier in this report. 
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As stated earlier, the supply of qualified rediclogical technicians and 
radiation health specialists is critically important to both the formulation and 
the application of radiation protection standards for the general population. 
The National Advisory Committee on Radiation's report to the Surgeon General 
of March 1959 estimated that the United States’ needs in the field of radiation 
control through 1970 would be for 4,000 radiological technicians and 1,200 
radiation health specialists. 

Advanced radiological health training---e.g., radiation biology and 
engineering aspecte--- is needed at a contiming level of 50 Public Health 
Service officers receiving such training annually. We are now operating at 
a 26-man level. Thie will be increased to 50 in next year, and it is hoped 
to maintain at that level in the years immediately following. At the end of 
the 1959-60 academic year, 19 officers of the Public Health Service will com 
plete their training and be placed in working assignments in this progran. 
These increases will help alleviate the present nation-wide scarcity of per- 
sonnel with combined public health and radiological health competence. 

The Division's program of short-course training offers highly special- 
ised courses to Federal, State, and local health personnel] from the U.S. and 
foreign countries. Last fiscal year (1959), 366 individuals completed these 
courses. During the current fiscal year, it is estimated that the number will 
increase to more than 600, and, in the following year, to more than 900. 

The following table summarizes the numbers of trainees attending PHS- 
sponsored short-term courses in radiological health since 1952 (field orienta- 
tion courses not included): 
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edere. 


During fiscal 1960, the Division has been working on a program described 
as "Development of Training Materials and Liaison with Academic Institutions." 
The goal of this program is to encourage academic institutions to incorporate 
radiological health subjects into their curricula for physicians, dentists, engi- 


neers, and others, and to establish major radiological health courses. A second 
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objective is to develop needed manuals and other training materials to be made 
available to such institutions and for use within the Division and State health 
agencies. In addition, consultation and basic training materials will be pro- 
vided to States to assist them in development of their own training courses. 
Expansion to @ staff of 16 has been planned for fiscal 1961. Early in the new 
fiscal year, a working seminar with representatives of appropriate academic 
institutions will be held to discuss curricula development in radiological 
health. Under contract with the Division, the St. Louis University School of 
Medicine will develop and comiuct a two-month course in radiological health for 
approximately 20 participants, most of whom will be public health physicians 
having technical and administrative responsibilities at State or local levels. 
More emphasis will be placed on development of training materials when provisions 
for intensifying this effort have been made at the new Rockville facility. 

The Division of Radiological Health, through the Analytical Reference 
Service conducted by the Sanitary Pngineering Center, gives aid in laboratory 
methods to State, local and other health offices, including those in other 
Federal agencies, in universities, and in industry. The Analytical Reference 
Service, a volunteer association of member organizations responsible for the 
conduct of laboratory programs in radiological health, provides a statistical 
evaluation of laboratory procedures, including precision and accuracy. It 
provides an opportunity for participants to compare their procedures and results 
with those of other laboratories having similar responsibilities. It provides 
an exchange in technical information, evidence regarding methods requiring 
further refinement, and a framework for broad-scale evaluation of new methods. 
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At present, efforts are being directed toward the chemical examination of 
water for radionuclides, but the program's scope will be broadened to include 
other media and other types of examinations. At present, participants include 
4l health organisations in 35 States, four municipal agencies, 10 installaticns 
ef four different Federal agencies, five universities, and two Canadian health 
departnents. 








NE RS 


| 
| 


EE ne ee 


nN 


—— 


Ret a a Se 





RADIATION PROTECTION CRITERIA AND STANDARDS 877 


BASAL 

It hes been emphasised by many national and interustions] groups that 
the data end knowledge of low-dose radistion effects is quite meager, end thet 
mech additions] knowledge is needed te séequately formate “standards.” The 
National Committes om Radiation Pretection end Messurememt and the laternsticas) 
Comittee om Redistion Pretection beve usde varisus recomendations «5 to maxi- 
mum permissible dosages and maximum permissible concentration values. These were 
based upon the best scientific knowledge then available. 

Although we heve these BCRP and ICRP recommendations, there is really so 
“model code”, euch os the semitery milk eode, which could guide the varicus State 
end federal egencies in promslgating radiation codes of their own. Additional 
research, particularly in the low-level effects of redistion, beth besic and 
operational, is seeded in order to formulate such e code. There ere « muber of 
important gepe in cur present knowledge of low-level effects (particularly ia 
humans) which ewst be filled. 

The research proposed in this section, and conducted by the Research Branch 
of the Division of Redielogicsl Meslth, is designed te f111 in seme of the gaps 
in our knowledge of “standards” and to assist in furnishing the needed information. 

Cerrent end planned research projects have been classified iato the 
following categories: 

4. Radioecolegy 
Relationship between emvircmmental levels of radicectivity and 
lewele of redicactivity im human populaticns, 

B. Methodology and Lustruaentation, 
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C. Medical Exposure 

D. Bpidemiology 
Ip comtrest te redicesolegy, the study of health effects of 
epecified expesuxe levele in bums populations. 

B. Radiation Biology 
Leberetery studies ef dose-respence relationships in plants, 
aaimale «ad/or tineues. 

La order ® provide « frame of reference in the developuent of cur re- 
search program, exposure perameters have been agbitrarily Gfined as follows: 


larvele of Lmooure esmteen ee Chromic Empeeure 
Ph dOwe OF _REOSEMG KM) 
Very lew Less then 1 ta @1-2 ren/yr 
Lew i- We ree 2-2 ten/yr 
latermediste 10 - 100 ee 20 - 200 ren/yr 
High greater then 100 sen grester then 200 rem/yr 


4m appreicel ef cur researeh efferte to dete indicates that reletively usre 
attention and emphasis should be directed to biomedical research (epidemtiogy and 
vedistion biolegy), end it is im these areas that greatest expansion is proposed. 

A eumery of the verious preposed research areas by category follows: 
A, RADIOSCOLOGT: 

The radicecelogy studies ere designed to provide information om the changes 
im lewele ef rediceactive materiale in esvirommentel media as a function of weapons 
tests and other activities. For the mest part, these etudies constitute a ucdest 
expention of cureent efforts. Deta, perticularly when related to specific radie- 
auclide levels, sre needed te pinpoint creas ef greatest potential radiation 
euposure of mem. Current studies will be redesigned te follow the asvenent of 
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radioective materials through the squetic and terrestrial plant and animal 
chaise of interest to man, and to relate cavirenmental levels to actual bunen 
radiation exposure. 

Rew projests will contime te: 


1) define radiation levels due to usturally occurring, 2s well 
as san-mede, radicauclides ta air, water, ailk, end food; 


2) Provide informaticn on the sovement of radicactive asterials 
from fallowt and unclear iastallations through the entire 
ecosystem to man; 


3) Assist im the establishment of biclegical parameters relating 
to human retention eas a functicn of: 


‘a 

©) chenieal form of the 

4) presence of stable avclides or similar slenents. 
Such inbreation should provide ea more meaningful basis for setting permissible 
concentration levels is the enviromment; and will, through the malysis of post- 
morte specimens, provide data fe¢ comparison with those obtained in retentica 
studies. All studies, particulerly those relating to the movement of radic- 
ective materiale through the bicephere, should provide information for initiating 
contre] measures to retard or iaterrupt the movement ef redicactive uaterials 
from one level of the ecological system te the next higher level. 

lt is envisaged that the redicecology studies during this next year and in 

subsequent years will be coordinated with the other research eress in order to 
obtain the saxisum amount of information possible from the work planned, In the 
final enalysis, all studies sould be oriented to provide data for calculating 
Tedietion exposure, end, insofar ae possible, te relate euch radistion exposure 
levels to biclogical effects. 
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B. METHODOLOGY AND INSTRUMENTATION: 


Aa Pas 


The studies planned wader methodology end iastrumentation are concerned 
primarily with the development and improvement of radi cchenical and instrumental 
techniques to pereit more rapid end accurate messurement of specific radicactive 


CALE 7+ WIRES. 


materials. Methode fer the messurement and identification of alpha-emitting 


TARE 


tedicauclides, both naturally eceurring and usn-made, aust be developed. 
Instrumental techniques, vhich require « minimum ef sample preperation or pernit 
moa-destructive testing as in the case of the total body counting, aust be 
evaluated in terme of measuring levels in man and other samples to determine their 
usefulness in making measurements within large population groups for epidemio- 
logical tuvestigetions. Specific studies are also planned to remove radicactive 
materials from milk, should envircumentel control prove impractical, and to 
develop or adapt instrwmentaéion Sr measuring doses absorbed by patients during 
medical radiation exposures. 


C. MEDICAL EXPOSURE: 


Thie category may be considered es the medical exposure component of the 
radicecology studies in our sttempt te define the total population exposure 
situation. 


The studies are proposed to provide a reasonable estimate of the average 


U.S. population exposure to medical radiation according to age, sex, and selected 


tiemes, The design of these studies showld allow for evaluation of current 


medical practices to determine the extent to which diagnostic and therapeutic 


exposure cen be reduced and aleo provide a basis for predicting future exposure 
levels, 
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le addition te their inherent usefulness, these studies will provide leeds 
fer epidemthogy studies. Populations seeuiagly worthy of follow-up for studies 
of delayed effects will be identified end study methods proposed. 

BD. EPIDEMIOLOGY: 

Im the attempt to define and delineate the long-tere redistion effects 
importeant fer DER pleaning, end fer premalgation of standards, consideration 
was given to the present state (and gape) of knowledge, as well as to cur 
resources, As a consequence, one grasp of effects emerges clearly as deserving 
primary emphasis: carcinogenesis, Therefore, the epidemiology research proposals 
emphasize studies specifically designed to elusidate quantitatively the dose- 
response relationship between rédiation end long-term somatic effects. 

There is good evidence that "high" dosage levels are indeed oncogenic. 
The important area of research is to determine whether lower levels ranging from 
"itntermediate” to “wery lew" exe alse encogenic, with proper coasideraticn for 
varying age sensitivity, dese rate, and other variables. in view of certain 
limitations, it is proposed that we primarily concentrate cur epidemiological 
efforts on the“low” and “intermediate” exposure gm ups in cur initial attempt 
to gain insight on the threshold problem. Mereover, it is suggested that these 
are the arees to initially emphesize from the bicstatistical viewpoint, It is 
further proposed thet our efforts, wherever feasible, attempt to take full 
edventage of existing information end deta, With these pointes in sind, 
epidemiology (and radiation bielogy) stediee are proposed which concentrates oa 
oncogenesis and which are most likely to yield definitive information on the 


quantitative relationship between radiation and cancer. 
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Relatively little attention has beem proposed fer genetic studies and 
perhgps this lack of enphasis deserves comment. We believe that with limited 
resources and the immensity of this problem, there is little thet could be done 
@eriag the mext year er ce except come carefully designed first-generation 
studios. 

le recent moeths considerable interest hes been directed te cegenitsl 
malformations as a possible group of effects associated with “very lew" levels. 
We know that “high” and poesibly “intermediate” desages during the first tri- 
mester in enimal and men result in fetal encmelies bet, like the carcinogenesis 
riddle, the effect of “low"and “very low" levels on fetal development is us- 
éefined, There is a nsed for « muuch clearer delineation of the cogenttal 
malformeticon problem, both with respect to the classification of the malformations 
per ce, end the exposure conditions, i.e., the relative importance ef exterasl 
ead internal exposure, Research is proposed in these areas to provide a basis for 
clarificetica. 

Ie will be moted thet with respect to “leug-tere effect” studies in beth 
animals end wan, the primary emphasis has been directed to the carcinogenic 
aspects involving the fetus and the young. By se doing, we are concentrating cur 
limited resources on studies most likely to elucidate the quantitative dose-effect 
relationship. Although cogeniteal malformations and, to a lesser extent, other 
somatic effects and genetic effects have been given seme consideration, it is much 
less likely thet we can come up with significant quantitative desta is these latter 
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The following projects represent some ef the principal study sreses proposed: 
Effect of X-Ray Pelvimetry: To determine the frequency of neoplastic disease 





among children irradiated in utero and among an appropriate control group. 
Effect of Graded Doses of Radiation from Diagnostic and Therapeutic Procedures: 
To determine in human population groups the frequency of neoplasms and leukemia 
x that may be related to different dose levels of radiation. To determine the 
significance of age, sex, dose rate, and type of radiation with respect to dose- 
effect relationships. It is propesed that the studies include, with appropriate 
consideration of contrels, such groupe as the following: 

a. Low-latermediate Dose 


1, Children receiving radiclogical examinations for the following 
conditions: 


Orthopedic anomalies 
Hare lip, cleft palate, ete. 
Aaodootla 

2. Persone whe receive diagnostic doses of I-131 


3. Persons who receive therapeutic doses of 1-131 (whole body 
dosage) 


db. Intermediate-High Dose 
1. Women treated by X@ray for infertility 
2. Children exemined for heart defects by catheterization vader 


fleoroscopy 
3. Children treated for thyme and other conditions 
¢. High Dose 


lL. Patients treated for benign conditions ef the skin 

2. Tuberculeeis patients treated by pnewncthorax 

3. Botigngs treated for spondylitis, bursitis, end other joint 
Katurel Radioactivity gad Coggnite) Malformation: To determine the relationship 


between levels of natural Fedicectivity and the frequency of cogenital mal formaticas 
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te selected States. Te determine interns] dosimetry, deposition patteres, and 
pethelegy eof uranium ainers. 

ELfests of Oecupet ions! Expoowre te Toniging Radiation: To determine dece- 
effect relatienshipe amsag employees of ¢ Pennsylventa corporation engaged in 
resesreh and construction activities esseciated with the utilisation eof redie- 
ective materials. This is peejected as a study te evaluate the preblen end the 
feasibility ef condecting such studies on 8 wide scale. 

Prelinivery Appregeh to ¢ Genetic Study of Selected Opcupstions) Expeced Grows 
and Their Offepring: Te determine if any genetically relered defects are present 
ia firet-geeeratien effspring of individuals wheee wsjor occupation tavelves, 
et invelved, exposure te fenising radiaticn. 


R. RADIATION BIOLOGY: 

Reseerch ia radiatiesa bielegy iacludes eniual end in vitro etudies, the 
eime and designe of which are clesely integrated with objectives ef selected 
epidemiological and radieecelegical studies. Majer emphasis has been directed 
te encogenesis with respect te the thresheld enigna. 

The modest beginning in radiebiological research as projected here re- 
flecte leng-term plane which allow fer « wore elaborate and permanent BRE re- 
eeareh facility that probably will be leeated elsewhere, Also, it is entici- 
pated thet fisesl year 1961 will be devoted primarily te trsining of campetent 
favestigaters, and the design and preparation of experinzental preceéures. 

among the epecific prejects contemplated are: 





primary purpose would be to determine the quantitative relationship between 
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éeee and the alleged carcinegenic effect following pelvic exposure te I-rays of 
diagnostic quality. 

Lactopie Pietribvgton Studien om Primate Rewbore (end in utero): To deternine 

distribution of specific radisnuciides in prenatal, neonatal, end young primates 
following feeding of predetermined levels te unther. 





4 -& ; oe a b . . | P38 e pa ae 


ef Radium end Thorius Myclides: Attempt te establish levels of redium and 
therium creesing the placental barrier; et whet time the asjer pertion cresess 
the barrier; and its peesible congenital effects en the exbryo and fetus. 
Tigeue Culture Studigg?: Te determine quantitative and qualitative patterns of 
effect in tissue cultures following rediation. Usual paremeters ef growth, 
aitetis rates, metabolic factors, ete., would be studied following verieus 
rediatien exposure conditions. Radiation exposure variables te consider 

are: hemegeneous ve. particulate (“het epee”) distribution; dese and doce 
rate; end external vs. internal. 

RADIATION INTELLIGENCE: Continuous, current and nation-wide surveillance 
of eavireumental redistice is necessary in order that the Public Health 
Service and the States way fulfill their radiaticn-pretection responsibilities. 
The survetilance network originally developed by the Service tn 1956 under 
agreement with the Atemic Energy Commission has gradually been expended and new 
is en important segacmt of the nation-wide radiclegical health progran. 

The secwerk presently consists of ferty-seven field sampling stations. 
Taree of these - at Las Vegas, Neveds; Anzherage, Alaska; and Cincinnati, Ohie - 
ere operated by the Public Health Service. The reminder ere operated under 
the supervision of the appropriate State er territerial departments of health 
with operating personnel furnished either by the States, or by cooperating lecal 
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bealth departments. The Division ef Radielegical Realth prevides headquarters 
eteff and central laboratory services fer the network and ects as the coordinator 
fee cellection, incerpretation and diseemination of data. 

The sampling program consists ef three measurements: the determination 
ef grees beta ectivity of particulates im air; sadiesetivity in precipitation; 
and euvisennental gemma radiation. Aix sasples covering coch 24 hour ported 
are submitted upon occurrence. Readings ef externa] geume rediatien are taken 
daily end reported aleng with the air semple data. The werklesd of the central 
laboratory ameuwats te approximately 350 samples per week. 

All suppites and equipment used by cock statiea in the Radiation Surveillance 
Retwerk are furnished by the Public Health Services en a loan basis. 

Im fiscal year 1961, the Public Realth Service will assume entire con- 
trel ef the netwerk. With the increased funds expected te be eveilabdle, the 
first phase ef leng-range expansion will be initiated. Equipment and services 
will be upgraded, leoking toward ultizate automatics of analyses. 

In addition te the data previded by the iadtation Surveillance Network 
valuable current inferuation on envirennental radicactivity is previded by twe 
ether pregrams operated within the Bureeu ef State Services of the Public Health 
Service. These are: 

The milk upaitering pregree which originally consisted ef 12 
seupling stations, tue ef which wore edded during the past year, will 
be expanded te about 60 stations during the summer of 1960. 

The national water quality setwerk which presently includes 61 
sampling stations lecated on majer waterways used fer public water supply, 
recreation, propagation ef fish and wild life, agricultural, industrial 
and ether veces. Ultimate expansion te a tetal of 250-300 stations is planned. 
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Complete deseriptions end current fiedings ef ell throes of these pregrans 
are given in en appendix te this repert. 

Compronengive Redigcion Iatelligqnes Flemned: Mere comprehensive deta on 
rediation expesure seurces and levels and radiation dese levels and body burdens 
are secessities te aearly every sapest of the rediclogisal health progres. 
Various existing data collection networks ({.6. air, water, ailk, etc.) have 
produced perts of the tetel needed data. It is new essential thet a mere integrated 
appreach be taken by these existing data collestion activities end that chis 
werk be extended to include presently untoushed areas (such as total dist). 

This geal will be realised threugh the development sf an expanded Ladiation 
latelligenes Network te be initiated by this Divisiea in 1962. 

The relationship ef radietion intelligesse te the entire radielegics) 
health program is illustrated ia Chert I ef the Appendix. Bata gathered through 
radiological intelligences es populstien exposure, bedy buréen, and resultant 
dese te the whele bedy and critics! organs form the foundation fer sctivities of 
the Public Realth Service and ef the States fer assessing and ninimizing the 
hareful effects of tenising radistien. 

Ie is through this mechanism, for exemple, that it is possible te pinpoint 
probles areas er populaticn groups ia which te conduct epidenielogical studies. 

AC present, we are in the position of "stumbling on to” prebles areas or affected 
populetions or eseuming that certain areas or groups represent the wore meaning- 
ful problems, with ue real knowledge of what conditions may exist eloeuhere. 

le heve no firm hnowledge ef whet total expesure and doses are being 
experienced in this country at the present time and how these compere te currently 
edvecated standards. The need few this inferustiea is critical as is evidenced 
by the fect that the latest recommendation of the Nations] Comsittes on Radistion 
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Preteetios is thet expesure ef the general pepulation fren uan-made sources of 
radiation, exclusive of medical enpesures, should not euseed that resulting 
frem natural backgreund. Estimates ef current exposures range up te 901 ef 
this level. 

Threegh this propesed pregrem of couprehensive intelligence, it will be 
pessible te study the sechanie= sad links involved in exposures te the population 
and thus te pinpeiat research effects and ceutrel techniques chat are desigesod 
to interrupt these mechanisne end break the links at their mest vulnerable 
POines. 

Table I (Appendix) illustrates dats being obtained by the Service in 
FY. 1960, lt cam be sean thet the only real interpretable data evailable te the 
Colleton end Analyses ef Data Unit is that from the Milk Network. The balance 
ef dete fer the mest part ere limited te grees bete concentrations which are 
not interpretable in terme of dose or preveble biclegical effect. At best, 
they are presumptive deca. 

In addition, the Public Health Service has escess te certain data being 
ebteined by ether Federal agencies end their esatractors. Here again, the 
deta are limited te gross beta or a single isetepe and de not adapt theuselves 
te interpretation in terms ef tetal pepulation empesure er dese. 

Table I alee indicates additions! data te be obtained by the PHS in 
P.Y. 1961. These result frem further expansion of the uilk sampling network 
and initiation ef the Rediatien Intelligence Network on 6 pilet study basis 
et three leeations. Alse, edditions] data on medical and industrial exposure 
will be available through research prejects te be initisted during that yeer. 

Teble Il (Appendix) indicates the evailability of dats frem the Redielogical 
Tatelligence Network based en its propesed expansion. Data and seuples will 
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be available frem fifty geographical locations. It is preposed that the ectual 
collection of seuples will be arranged by contwacts with State and local hesith 
agencies or other appropriate bedies such as universities, State departeents of 
agriculture, etc. We also plan to establish one or more local analytical 
centers for processing local samples, again under contract with a State or 
local agency, with the information being transmitted directly to our evaluation 
center. 

It is also proposed to work with the AEC and other Federal Agencies and 
their licensees and contractors as well as State agencies to obtain data on 
industrial exposures. Studies on medical and dental exposures will be developed 
to the point that reasonable dose estimates from these sources will also be 
available. The radiological intelligence system will then cover the seven 
most significant sources of chronic radiation exposure and provide a more firm 
basis for the total radiological health program. 

DATA COLLATION AND ANALYSIS: In August 1959, the President directed the 
Secretary ef Health, Education, and Welfare te intensify Departmental activities 
fa the field of radiological health. The Department was assigned, auong other 
things, primary respensibility within the Executive Branch for the cellation, 
analysis, end interpretation of data on environmental radiation levels. Within 
the Department this responsibility has been delegated te the Division of 
Rediolegical Health, Public Health Service. 

AS a step in the discharge ef this responsibility, the Public Beslth 
Service is initiating a monthly publication. The data have been sulmitted 
by agencies ef the Federal gevernment, by States, and by ether sources. Lach 


third report, starting July 1960 will contain interpretative statements as 
well as data. 
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The meathly and quarterly reperts are reviewed by « Beard ef Editorial 
sévisere with representatives from the fellewing Peders! egeusies: Departecst 
ef Realth, Eduestion, ami Melfere; Atemis Reergy Comiesion; Depertment of 
Defense; Department of Commerce; Sepertmost of agriculture, 

By 1962, it is anticipated that the staff will be sufficiently 
experienced end the dete collection fee these reperts sufficiently standardised, 
thet the next phase can be started. This semt step will consist of carrying 
out analysis and interpretation of these data in depth. To accomplish this, 

@ omell staff ef technics] peresmnel will be recruited frem different professions! 
cempetemcign such os maiteeniica, blelegy and payetes. 

Tho principe] peb. soolth® seerees fer envireamente] redisties neasurs- 
ments are the ailh, eir end weter networks end the radiation surveillance 
network. The firet iesue of the sew meathily publication cm ouvirennentel 
radiation carries full descriptions of these networks, together with their most 
recently published data. These sections from the new publication are reproduced 
in the Appendix which follows. 

ATTACHMENTS 


ER FP 


A Sa 


3 
4 
E 








891 


RADIATION PROTECTION CRITERIA AND STANDARDS 





vorjuayay Buyyywsy 


ayoidr) Suyyywiy] 








uo youDasay 


sweuBoig 
josey 


youvesey 


j0>160j01g 





sasXjouy puo 


YOHD|jOD 049g 











2149U9D) - 2140WCS 
$193443 1VD1ID01018 






uoBiC 49914 4> 
' Apog 2;04M 


3soqd 


SWV¥9DOUd HLIVIH IVWDIIDOOTOIIGVY 
Ol JDNIOITIILNI NOILVIGVY 4O dIHSNOILV1348 


1 44~4D 


voyojnuuoy 
Spsopunss 





S@IPMIS |02150)o}wopd3 

















Explanation of Tables I and It 


Table I illustrates data being obtained by the Service in F.Y. 1960. 
It can be seen that the only real interpretable data available to the Colla- 
tion and Analyses of Data Unit is that from the Milk Network. The balance of 
data for the most part are limited to gross beta concentrations which are not 
interpretable in terms of dose or probable biological effect. At best, they 
are presumptive data. 


In addition, the Service has access to certain data being obtained by 
other Federal agencies and their contractors. Here again, the data are 
limited to gross beta or a single isotope and do not adapt themselves to 
interpretation in terms of total population exposure or dose. 


Table I also indicates additional data to be obtained by the PHS in 
F.Y. 1961. These result from further expansion of the milk sampling network 
and initiation of the Radiation Intelligence Network on a pilot study basis 
at three locations. Also, additional data on medical and industrial exposure 
will be available through research projects to be initiated during that year. 


Table II indicates the availability of data from the Radiological 
Intelligence Network based on the F.Y. 1961 plans extended into 1962. Data 
and samples will be available from fifty geographical locations. It is pro- 
posed that the actual collection of samples will be arranged by contracts 
with State and local health agencies or other appropriate bodies such as 
Universities, Departments of Agriculture, etc. We also plan during this 
fiscal year to establish one or more local analytical centers for processing 
samples at the local level, again under contract with a State or local agency 
with the information being transmitted directly to our evaluation center. 


to Abbreviation 


AEC Atomic Energy Commission 

APC Air Pollution Control 

CADU Data Collation and Analysis Unit of DRH 

DRH Division of Radiological Health 

DSHS Division of Special Health Services 

NASN National Air Sampling Network 

NCI National Cancer Institute 

NWQN National Water Quality Network 

PHS Public Health Service 

RATSEC Robert A. Taft Sanitary Engineering Center 

RHFF Radiological Health Field Facility 

RIN Radiation Intelligence Network 

RSN Radiation Surveillance Network 

WSPC Division of Water Supply and Pollution Control 
892 
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Table I 
CURRENT SOURCTS OF FYVIROIM=YTAL RADIATION DATA < PSs 
F,Y, 1960 and 1961 
Sample Data 
Collected Coilatic 
by Frequency a | 
(No.of Stations) Analyses 
rsn-states rsn lab cadu 
(44) 
nasn-states phs-ratsec cadu 
(162) 
quarterly 
bi-weekly cadu 
quarterly 
milk netvork 
states (12) monthly cadu 
expanded milk 
network- states monthly cadu 
(30) (60) 
RIN 
CADU 
ren-states cadu 
RIN 
RIN 
STATIONS 4 
CADU 
DRH AND RIN 
COOPERAT= 
ING IN- + 
CEDURE STITUTIONS CADU 
radon irregular dshs dshs 
and 
nei 
DRH, OSHS, RADON DRH, 
AND COOPER- EXTERNAL TRREGULAR DRH XI, 
ATING AGENCIES GAMMA DSHS 
agc (LICENSEES) PERSONNEL AGENCY RIN 
(CONTRACT+)S24228 * mowrTORING quarterty | coucems- | 
ORS ) DATA ED CADU 


F.Y¥. 1960 Activities in lower case 
F.Y¥. 1961 Activities in capitals 
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Air 


Water 


Milk 


Total Diet 


Naturel 


Medical 


Industrial 


Table II 
PLANN=D SOURCTS OF ENVIRONMENTAL RADIATION DATA 
F.Y. 1962 













Semple or Data 




























Collected by Type of Analysis Data 
(No. of Station)| Analysis Frequency by Collation 
RSN Discontinued |SPECIFIC 
RIN - STATES DAITY RIN RIN 
(50) STATION 
note RH, FIELD L 
Per A.P.C. MONTHLY Rien 
requirements FACILI CabU 
RIN + STATES STECIFTC 
(50 NUCL IDE 
30) ESTIMATE WEEr! Y RIN 
NWqn (Intake 
Per W3PC reg. adjusted) L 
PRECISE «oH, FIELD 
INUCLIDE QUARYERLY FACILITY CADU 
DETERMINATIC 
Basic Milk Net- 
work continued 
for Research and 
'Control 
SAME SAME SAME SAME 
RIN - STATES i 
(50) | #9.60-62 
Continue indivi- | 
dual food measure 
ments for control | 
pad research SAME SAME SAME SAME 
RIN - STATES AS 60-61 
(50) 
| RSN Discontinued |COSMIC AMD RIN 
' EARTW CRUST STATIONS 
RIN - STATES GAMMAS PLUS CONTINUOUS SAME 
(50) NATURA] ATR- SPEC LAL 
BORNE ACTIVI- CAL IBRA- 
TIES TIONS BY 
R.H.F.F. 
DRH - STATES ; SPECIFIC RIN 
AND COOPERATING jORGAN i L 
INSTITUT LONS DOSE FROM 
PROC EDURE CADU 
' DRH 
ATOMIC ENERGY 
COMMISSION 
LICENSEES 
CONTRACTORS 
STATE AGENCIES 
OTHER FEDERAL 
AGENC LES 
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PUBLIC HEALTH SERVICE MILK MONITORING PROGRAM 


The U..S. Public Health Service Milk Monitoring Network presently consists of 12 sam- 
pling stations. This will be expanded to about 60 stations by the summer of 1960. 


The initial purpose of establishing this network was in keeping with the normal and con- 
tinuing program of the Department of Health, Education, and Welfare to determine trends in 
our changing environment, including measurement of amounts of radioactivity in water, air, 
milk, and other foods. Milk was the food chosen for initial testing since it is among the 
most important elements of the diet and is constantly available at all seasons of the year 
and in all climates. A primary objective of the project was to develop and simplify methods 
of collection and radiochemical analysis of milk to make them more suitable for larger 
scale programs. 


The selection of the present 12 sampling stations was based on the following criteria: 


1. The milk represented in each sample was from a group of farms milking a total of 
at least 1,000 cows. 


2. The number of individual farms was small enough so that collection of collateral 
field data from each farm was feasible. 


3. The milk samples were from a supply that was part of a metropolitan milkshed. 


4. The conditions under which the milk was received were such that each sample was 
representative of the same farms in the production area. 


The Overton, Nevada and St. George, Utah milksheds do not fulfill the 1,000 cow mini- 
mum requirement but have been included since they are part of the monitoring program 
around the Nevada Test Site. 


One gallon samples are collected once each month and forwarded by air parcel post to 
the Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio, for radionuclide analysis. 
It is estimated that these samples represent 2,000 gallon lots. The concentration of 
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iodine-131, barium-140, and cesium-137 and naturally occurring potassium-40 are all cur- 
rently being measured when present in the milk by gamma scintillation spectroscopy. Total 
strontium and strontium-90 are determined following radiochemical separations, and the . 
strontium-90 is calculated by measuring the build-up of the daughter decay product, yttrium- 
90 (after about a two week wait) using a low background anticoincidence beta counter. The 


total radioactive strontium is counted in a shielded internal proportional counter with the 
strontium-90 calculated as the difference. 


Publication of the data will normally require a period of about three months after col- 
lection due to shipment, processing, decay product build-up, compilation of the data, and 
inclusion with other radiation data in the monthly reports. 


A description of the program appears in ''The Occurrence of Strontium-90, Iodine-131 
and Other Radionuclides in Milk, May 1957 through April 1958," by J. E. Campbell, G. K. 
Murthy, A. S. Goldin, H. B. Robinson, C. P. Straub, F. J. Weber, and K. H. Lewis, American 
Journal of Public Health, Vol. 49, No. 2, Feb. 1959, American Public Health Association, 


reprinted by the Joint Committee on Atomic Energy Hearings on Fallout from Nuclear Weap- 
ons Tests, Vol. 1, May 1959. 


Detailed technical descriptions of the methodology of analyses are listed below: 


"Determination of I-131, Cs-137 and Ba-140 in Fluid Milk by Gamma Spectroscopy." 
By G. R. Gagee, G. R. Karches and A. S. Goldin, Public Health Service, 


“A Method for the Rapid Ashing of Milk for Radionuclide Analysis," Journal of Dairy 
Science, 42-1288, Aug. 1959. By G. K. Murthy, J. E. Campbell. 


"A Method for the Determination of Radionuclides in Milk Ash," Journal of Dairy 
Science, 14-1276, Aug. 1959. By G. K. Murthy, L. P. Jarnagin, and A. S. Goldin. 


"A Method for the Elimination of Ashing in Strontium-90 Determination of Milk," 


Journal of Dairy Sciences, 43 (2) 151, Feb. 1960. By G. K. Murthy, J. E. Coakley 
and J. E. Campbell. 
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PUBLIC HEALTH SERVICE RADIATION SURVEILLANCE NETWORK 


The Public Health Service Radiation Surveillance Network was established in 1956 in 
cooperation with the Atomic Energy Commission to provide a means of promptly determin- 
ing increases in environmental radiation due to radioactive fallout during nuclear weapons 
tests. The program has proven sufficiently valuable that it has been extended to a round- 
the-year basis and currently consists of 44 stations at urban locations (see figure 1) oper- 


ated by State and local health department personnel with 3 operated by U. S. Public Health 
Service personnel. 


Measurements of gross beta radioactivity in air have been taken since they provide one 
of the earliest and most sensitive indications of increases of activity in the environment, and 
thus act as an "alert" system. These data alone are not conducive to evaluation.directly of 
biological hazards. However, field measurements do enable the operator to estimate the 
amount of beta activity of particulates in the air at the station five hours after collection, by 
comparison to a known source, using a portable survey meter. The filters are then for- 


warded to the laboratory in Washington for a more refined measurement using a thin window 
proportional counter. 


Air samplers are in operation at the 44 stations on an average of 70% of the week. Air 
is drawn through a cellulose carbon loaded dust filter using a high volume air sampler. 
The radioactive material in fallout adhering to small dust-like particles is retained on the 
filter. Some gaseous fission products are adsorbed by the carbon. The contribution by 
gaseous fission products has represented only a small part of the total beta activity in 
these samples. 


About 85% of the stations collect samples of precipitation which are sent to Washington 
for analysis. Values are now below limits of detection by present instrumentation. New 
equipment is being procured to measure lower values. Measurements have indicated that 
the bulk of deposited activity occurs through precipitation but concentrations in surface air 
are not directly relatable to the amount deposited through precipitation. 


898 











CATR ee 











PROTECTION CRITERIA AND STANDARDS 899 


RADIATION 





Rt 


TSB. 


1 guano 


WIOMLIN JONVINIAINS NOUVIGVE JDIANIS HLTV3H DI18Nd 


1OmMoY, ‘AjNjOUlH @ 
ONSO}y “uCIC; @ 

oyoyy ‘noeunr @ 
oysojy ‘eBooyouy @ 





tii-w 








900 RADIATION PROTECTION CRITERIA AND STANDARDS 


External gamma measurements are also made at each station. 


More detailed data from this surveillance network are released monthly by the U. S. 
Public Health Service. A description of the program is printed in the Hearings on Radioac- 
tive Fallout held by the Joint Committee on Atomic Energy in May 1957, Vol. 1, page 459. 


TABLE V. PUBLIC HEALTH SERVICE RADIATION SURVEILLANCE NETWORK 


Radioactivity of Particulates in Air 
Micromicrocuries Per Cubic Meter - Gross Beta Counts 
For Month of November 1959 


sion Lvaon | Wega aver 


Alaska, Anchorage 0.12 
Alaska, Fairbanks 
Alaska, Juneau 
Arizona, Phoenix 
Arkansas, Little Rock 
California, Berkeley 
California, Los Angeles 
Colorado, Denver 
Connecticut, Hartford 
District of Columbia 
Florida, Jacksonville 
Georgia, Atlanta 
Hawaii, Honolulu 

Idaho, Boise 

Illinois, Springfield 
Indiana, Indianapolis 
Iowa, Iowa City 

Kansas, Topeka 
Louisiana, New Orleans 
Maryland, Baltimore 
Massachusetts, Lawrence 
Michigan, Lansing 
Minnesota, Minneapolis 
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Mississippi, Pascagoula < 
Missouri, Jefferson City < 0.10 
Montana, Helena < 6 


New Jersey, Trenton 
New Mexico, Santa Fe 
New York, Albany 

North Carolina, Gastonia 
Ohio, Cincinnati* 
Oklahoma, Oklahoma City 





AAAAAAAA 


aves 
oOo 

or eera ¢ a 
_ 
oa 




























Oklahoma, Ponca City < 0.10 < 0.10 
Oregon, Portland < 0.16 < 0. 
Pennsylvania, Harrisburg < 0.15 < 
Rhode Island, Providence < 0.13 < 
South Carolina, Columbia < 0.12 < 
South Dakota, Pierre < 0.14 < 
Texas, —_ < 0.15 < 
Texas, El Paso < 0.24 < 
Utah, Balt Lake City < 0.17 < 
Virginia, Richmond < 0.12 < 
Washington, Seattle < 0.15 < 
Wyoming, Cheyenne < 0.13 < 





*See explanation following next table. 
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TABLE VI. RADON AND THORON AIR MEASUREMENTS 


November 2 - 30, 1959 
Cincinnati, Ohio 


RADIATION SURVEILLANCE NETWORK 


(Beta Activity Included) 






Continuous Sample Collection 


Sample | Sampling 
Change | Period | Volume 
Time m 





Date 





































0.4 2.5 

2.8 6.3 

0.7 1.3 

0.3 0.9 

0.2 (3) 0.7 

9 72. 0.5 3.6 
10 23. 0.5 (2) 2.8 
11 47. 0.5 2.6 
13 23. 0.2 (3) 2.2 
16 72. 0.2 1.2 
23. 0.3 0.8 

23. 0.7 1.2 

23. 0.7 1.8 

23. 0.2 (3) 4.4 

71. 0.8 4.9 

1.0 2.3 

0.0 (2) 0.6 

0.2 (3) 2.0 

0.2 1.1 


(a) Gross beta activity when counted one day after end of sampling or later as indicated by 
numeral in parenthesis. 


(b) 


Radon from activity (alpha) of morning filter sample (uncorrected for thoron daughter 


interference). Measured within a few minutes of reméval of filter from sampler and 
corrected to collection time. 


(c) Radon from alpha in the afternoon (3 PM) test after seven hours of sampling. 


NOTE: Values for PM Radon samples should be compared to the following day AM 
Radon samples. 


(d) Thoron from alpha activity of filter sample counted 7 hours after taking a 24-96 hour 
sample. 
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It has been noted recently that values for beta activities in air in Cincinnati are some- 
what higher than in other stations in the Radiation Surveillance Network. Reasons may be: 


1. Cincinnati uses a membrane type filter with a 20 liters per minute flow 
rate, compared to a cellulose type filter at other stations sampling 1500 liters 
per minute. 


2. Variations in counting equipment. 


3. Samples are counted at Cincinnati within one day after collection, whereas 
the samples from other stations are counted several days later in Washington. 
Thus, Cincinnati values may incorporate natural beta activity from thoron daughters. 


Although the relative contribution from each of these parameters has yet to be evaluated, 
it is recognized that some of them probably play a much more significant role than others. 
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PUBLIC HEALTH SERVICE 
NATIONAL WATER QUALITY NETWORK 


The National Water Quality Network was established under the provisions of Section 
4(c) of Public Law 660, which states that "... the Surgeon General shall ... collect and dis- 
seminate basic data ... (relating) to water pollution and the prevention and control thereof." 


This Network, operated in cooperation with State and local health agencies, was started 
in October 1957. At present there are 61 sampling stations located on major waterways 
used for public water supply, propagation of fish and wildlife, recreational purposes, and 
for agricultural, industrial and other uses; some of these stations are interstate, coastal, 
and International Boundary waters, and waters on which activities of the Federal Govern- 
ment may have an impact. Ultimately a total of 250 to 300 stations will be operated. A few 
of the more recently established stations have not yet begun to report radioactivity. 


Samples of water are examined for chemical, physical, and biological quality insofar as 
these relate to pollution. Samples for some determinations are taken weekly, others 
monthly, and for some continuous composite samples of 10 to 15 days are obtained. Radio- 
activity determinations are made on single samples, taken weekly. 


Gross alpha and beta measurements are made on both suspended and dissolved solids 
in the raw surface water samples. The radioactivity levels of dissolved solids provide a 
rough measure of the levels which may be found in a treated water, where such water 
treatment removes substantially all of the suspended matter. Naturally occurring radio- 
active substances in the environment are the source of essentially all of the alpha activity. 
The contamination of the environment from man-made sources is the major contributor to the 
beta activity. The results are reported in micromicrocuries per liter, and are shown for 
each station on a given river. 


While beta determinations for the first two years of the Network operation have been 
done on each sample weekly, the alpha determinations are reported generally on a composite 
sample of more than one week. Beginning with samples taken in January 1960, beta deter- 
minations are to be performed on composite samples obtained by combining two weekly 
samples. The alpha data will be reported on three-month composite samples, with 1/3 of 
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the stations being covered each month. AH the data reported below represent the average 
of all information available for the month indicated. 


Strontium-90 data are reported as being the results of determinations on composite 
sample for a three-month period ending in the month shown. 


Additional information and data may be obtained from the following sources: 


1. "National Water Quality Network Annual Compilation of Data," PHS Publication. 
For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington 
25, D. C. Price $1.50. 


2. "Report on National Water Quality Control Network," submitted by Dr. F. J. Weber, 
Chief, Division of Radiological Health, PHS, to Joint Committee on Atomic Energy Hearings 
on Fallout from Nuclear Weapons Tests, Vol. 1, May 1959, Pages 167-169. 


TABLE VII. PUBLIC HEALTH SERVICE NATIONAL WATER QUALITY NETWORK 
RADIOACTIVITY IN RAW SURFACE WATERS 
(Micromicrocuries per liter) 


Quarter ending Month of October 1959 
Sept. 30, 1959 (Average to nearest whole number) 


Station Beta Activity Alpha Activity 


Strontium-90 
| Susp. | Dis. | Tot. | Susp. | Dis. | Tot. | 


ALSEA RIVER 
Alsea, Ore. 


ARKANSAS RIVER 
Coolidge, Kans. 
Ponca City, Okla. 
Fort Smith, Ark. 
Pendleton Ferry, Ark. 


CHATTAHOOCHIE RIVER 
Columbus, Ga. 


COLORADO RIVER 
Loma, Colo. 
Hoover Dam, Ariz.-Nev. 
Parker Dam, Ariz.-Calif. 
Yuma, Ariz. 


COLUMBIA RIVER 
Wenatchee, Wash. 
Pasco, Wash. 
Bonneville Dam, Ore. 
Clatskanie, Ore. 
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TABLE VII. PUBLIC HEALTH SERVICE NATIONAL WATER QUALITY NETWORK 
RADIOACTIVITY IN RAW SURFACE WATERS 
(Micromicrocuries per liter) 


Quarter ending 
Sept. 30, 1959 


Station 


CONNECTICUT RIVER 
Northfield, Mass. 


DELAWARE RIVER 
Philadelphia, Pa. 


Detroit, Mich. 
Buffalo, N. Y. 


HUDSON RIVER 
Poughkeepsie, N. Y. 


MERRIMACK RIVER 
Lowell, Mass. 


MISSISSIPPI RIVER 
Red Wing, Minn. 
Dubuque, Iowa 
Burlington, lowa 
East St. Louis, Ill. 
Cape Girardeau, Mo. 
West Memphis, Ark. 
Delta, La. 

New Orleans, La. 


MISSOURI RIVER 
Williston, N. D. 
Bismarck, N. D. 
Yankton, S. D. 
Omaha, Nebr. 

St. Joseph, Mo. 
Kansas City, Kans 
St. Louis, Mo. 


OHIO RIVER 
East Liverpool, O. 
Huntington, W. Va. 
Cincinnati, O. 
Evansville, Ind. 
Cairo, Ill. 








Month of October 1959 
(Average to nearest whole number) 
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TABLE VIII. PUBLIC HEALTH SERVICE NATIONAL WATER QUALITY NETWORK 
RADIOACTIVITY IN RAW SURFACE WATERS 


Station 


POTOMAC RIVER 
Williamsport, Md. 
Great Falls, Md. 


RED RIVER 
Denison, Tex. 
Index, Ark. 
Alexandria, La. 


RIO GRANDE RIVER 


El Paso, Tex. 
Laredo, Tex. 
Brownsville, Tex. 


SAVANNAH RIVER 
North Augusta, S. C. 
Port Wentworth, Ga. 


SNAKE RIVER 
Wawawai, Wash. 


TENNESSEE RIVER 
Chattanooga, Tenn. 


YELLOWSTONE RIVER 
Sidney, Mont. 





(Micromicrocuries per liter) 
(Continued) 


Quarter ending Month of October 1959 

Sept. 30, 1959 (Average to nearest whole number) 
Beta Activity Alpha Activity 

a _| Se. | i. [ no. | sump. | ie. | ot 




















MONITORING OF WATER SUPPLIES 
AROUND THE NEVADA TEST SITE 


By contract with the Atomic Energy Commission the U. S. Public Health Service has 
conducted an off-site monitoring program around the Nevada Test Site for several years. 
Included in the program have been measurements of radioactivity in water supplies. These 
data have been reported in the Atomic Energy Commission's 13th, 14th, 18th and 23rd 
Semiannual Reports to Congress and by the Public Health Service in the 1957 Congressional 
Hearings, "The Nature of Radioactive Fallout and Its Effects on Man." 


The map following summarizes the data on radioactivity (gross beta) in water supplies 
for the months of November and December 1959. The lower limit of detectability with the 
equipment used is about 10°® microcuries per milliliter (10 micromicrocuries per liter). 
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EXTERNAL GAMMA ACTIVITY 
PUBLIC HEALTH SERVICE RADIATION SURVEILLANCE NETWORK 


Portable survey instruments are available at the stations of the Radiation Surveillance 
Network and one of their uses is to record external gamma radiation. These readings are 
not precise, especially for measurement of low levels but they can show the presence or 
absence of any significant increases above background. The differences among the values 
shown on the following table are within the variances anticipated due to differences in nor- 
mal background and in instrument response characteristics. 


TABLE IX. EXTERNAL GAMMA ACTIVITY 
PUBLIC HEALTH SERVICE RADIATION SURVEILLANCE NETWORK 
Milliroentgens Per Hour - at three feet above the ground 
For Month of November 1959 


Alaska, Anchorage 
Alaska, Fairbanks 
Alaska, Juneau 
Arizona, Phoenix 
Arkansas, Little Rock 
California, Berkeley 
California, Los Angeles 
Colorado, Denver 
Connecticut, Hartford 
District of Columbia 
Florida, Jacksonville 
Georgia, Atlanta 
Hawaii, Honolulu 

Idaho, Boise 

Illinois, Springfield 
Indiana, Indianapolis 
Iowa, Iowa City 
Kansas, Topeka 
Louisiana, New Orleans 
Maryland, Baltimore 
Massachusetts, Lawrence 
Michigan, Lansing 


*No data received this month. 
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Minnesota, Minneapolis 
Mississippi, Pascagoula 
Missouri, Jefferson City 
Montana, Helena 

New Jersey, Trenton 
New Mexico, Santa Fe 
New York, Albany 

North Carolina, Gastonia 
Ohio, Cincinnati 
Oklahoma, Oklahoma City 
Oklahoma, Ponca City 
Oregon, Portland 
Pennsylvania, Harrisburg 
Rhode Island, Providence 
South Carolina, Columbia 
South Dakota, Pierre 
Texas, Austin 

Texas, El Paso 

Utah, Salt Lake City 
Virginia, Richmond 
Washington, Seattle 
Wyoming, Cheyenne 
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URANIUM MILL DISCHARGES 


The problem of radioactive pollution of the Animas River (Colorado-New Mexico) from 


the discharge of a uranium mill was surveyed in 1958. The following agencies cooperated 
with the U. S. Public Health Service in this study: 


U. S. Atomic Energy Commission 

State of Colorado Department of Public Health 

New Mexico Department of Public Health 

State of Colorado Department of Game and Fish 

San Juan Basin Health Unit, Durango, Colorado 

San Juan County Health Department, Farmington, New Mexico 
U.S. Geological Survey 

Vanadium Corporation of America 


The survey included a wide variety of environmental samples such as river waters, treated 
water supplies, local milk and food, and effluents from the uranium ore refineries. Radium 


and uranium content of the samples were measured, as well as the gross alpha and beta 
activities. Many chemical analyses were also performed. 


The table below indicates the radium content in water supplies before (1958) corrective 
actions were taken by the mill and afterwards (1959). In addition, the irrigation waters used 
to raise crops locally have also improved proportionately in terms of their radium content, 
and thus lower radium concentrations in crops are anticipated. Based upon further actions 
now being taken by the mill, it is estimated that the dissolved radium content of these water 
supplies will be routinely no greater than 1.00 micromicrocuries per liter. 
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TABLE XI. RADIUM CONTENT OF WATER SUPPLIES 


-— ili ; 


Station and Item 
| 


i 
| 


Dissolved Radium, ppc/liter 


| 
Approximate 
1958 1959 % Decrease 





















Aztec, New Mexico 
Raw Water . 
Treated Water .6* 68 

| Farmington, New Mexico 

Raw Water 
Treated Water 
. a 





* Residual contamination of the filter sands in the treatment plants 
resulted in a higher level of dissolved radium for treated water 
than for raw river waters. 


REFERENCES 


1. Survey of Interstate Pollution of the Animas River, Colorado-New Mexico, Tsivoglou, 
E. C., Shearer, S. D., Shaw, R. M., Jr., Jones, J. D., Anderson, J. B., Sponagle, C. E., 
and Clark, D. A. U.S. Public Health Service report, May 1959. 


2. Survey Interstate Pollution of the Animas River, Colorado-New Mexico, II 1959 Sur- 
veys. Tsivoglou, E. C., Shearer, S. D., Jones, J. D., Sponagle, C. E., Pahren, H. R., 
Anderson, J. B., and Clark, D. A. U. S. Public Health Service report, January 1960. 
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STATEMENT OF THE COMMISSIONER OF FOOD AND DRUGS 
TO THE JOINT COMMITTEE ON ATOMIC ENERGY 
SPECIAL SUBCOMMITTEE ON RADIATION 


In a letter of March 8, 1960, I presented to the Joint 
Comittee on Atomic Energy a statement summarizing the position 
and activities of the Department of Health, Education, and 
Welfare with respect to the radiation preservation of food program 
which was then under review by the Committee. That statement 
includes a brief outline of the responsibilities of the Food and 
Drug Administration with reference to that program, 

The administration of the Food, Drug, and Cosmetic Act is 
carried out by the Secretary of Health, Education, and Welfare 
through the Food and Drug Administration. The statute regulates 
interstate commerce in foods, drugs, devices and cosmetics. 

P,L, 85-929, the "Food Additives Amendment of 1958" was enacted 
on September 6, 1958 and became fully effective March 6, 1960. 
The stated purpose of the Act is "To protect the public health by 
amending the Federal Food, Drug, and Cosmetic Act to prohibit the 
use in food of additives which have not been adequately tested to 
establish their safety." 

The Food Additives Amendment set up a procedure for the 
establishment of regulations prescribing the conditions under which 
the food additives may be safely used. Such conditions include 
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specifications as to the classes of food on which an additive may 
be used, the maximm quantities which may be used or permitted to 
remain in or on the food (tolerances), and other conditions. 

Section 402(a)(7) of the Act defines a food as adulterated 
"if it has been intentionally subjected to radiation, unless the 
use of radiation was in conformity with a regulation or exemption 
in effect pursuant to section 409," 

The Amendment in section 409 (c)(3) admonishes that: "No 
such regulation shall issue if a fair evaluation of the data before 
the Secretary 

(A) fails to establish that the proposed use of the food 

additive under the conditions of use to be specified 
in the regulation, will be safe: Provided, that no 
additive shall be deemed to be safe if it is found to 
induce cancer when ingested by man or animal, or if 
it is found, after tests which are appropriate for 
the evaluation of the safety of food additives, to 
induce cancer in man or animal * * *," 

This proviso (the Delaney clause) precludes the establishment 
of any regulation authorizing any residues of added cancer producing 
radioactive material in food. It is our further understanding that 
some of the proposed applications of radiation to food may result in 
radioactive residues. Hence, we believe that much more information 


is needed than is presently available before the status under the 
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Food, Drug, and Cosmetic Act can be determined of food products 
subjected to radiation treatment such as 
radiation preservation (sterilization or pasteurization) 


radiation treatment of grains and cereal products to 
destroy insect infestation 


radiation treatment to prevent sprouting of potatoes 
and onions 


More information is necessary as to safety tests and effects 
on nutritive values, and whether intended effects are attained. 

What I have seid to this point involves intentional additives. 
There are also unintentional additives that may occur and create 
problems that are of concern to us. In point is the problem of 
radioactive contamination of food products from fall-out. As 
peaceful uses of atomic energy are developed, such as power 
production, there may arise problems of unforseeable contamination 
of food crops from by-product radioactive wastes, 

We have analyzed many samples of various "pre-atomic age" 
foods for radioactivity in order to obtain some “baseline” information 
on the natural radioactive content. For the past several years we 
have been examining samples of food crops from various sections of 
the country and some imported oe nien for radioactivity. We are 
enlarging this program as rapidly as budgetary support permits. We 
are also expanding our research programs in this area to improve 
methodology and to provide the scientific bases for appropriate 
regulation. 
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We anticipate that the Federal Radiation Council will I 
provide some guidelines which will enable us to set safe tolerances 
for unavoidable radioactivity under Section 406 of the Act. 

There are other possible applications of radiation and 
by-products from utilization of atomic energy (radioactive isotopes) 
that involve products subject to regulation under the Food, Drug, 
and Cosmetic Act. 

We have before us now two petitions proposing issuance of 
regulations under the Food Additives Amendment to permit use of 


radiation in checking containers of food as an aid in manufacturing 





control of packaging. f 

Section 505 of the Food, Drug, and Cosmetic Act deals with 
new drugs. Before a new drug can be distributed, this section of 
the law requires the filing of an application with the Department 
establishing the safety of the drug when used as intended. Most 
radioactive substances are considered “new and thus if intended 
for drug use are subject to the provisions of the “new drug” 


section. 
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CHAPTER 6. STATEMENT OF THE DEPARTMENT OF 
DEFENSE 


I 


(1) “Standards” or “Criteria” of protection are guides or danger 
signs to indicate our estimate of the degree of hazard in a particular 
situation. They attempt to establish limits within or beyond which a 

uantitative statement of the risk involved may be formulated. An 
Hustration of a hazard of a type other than radiation is that of auto- 
mobile speed, where the hazard associated with speed is ordinarily 
controlled by the imposition of specific speed limits. This is usually 
considered a more effective way to deal with the problem than regula- 
tions stating that cars should be driven no faster than is safe or 
reasonable, as this type of standard has many interpretations. Chem- 
ical substances in foods which may be a hazard to health in excessive 
amounts are customarily regulated by stating the exact limiting 
amount in a food which may not be exceeded. Such limits are usuall 
established by determination of the degree of risk to health. It is 
obvious that to measure the degree of | hazard, accepted units are 
required in order to give a quantitative expression of the hazard. 

(2) “The basic problems of radiation protection” depends on what 
is meant by problem. If by this is understood the purpose of radia- 
tion protection, the problem is how to keep radiation exposure to a 
minimum. If by problem as used here is meant what are the difficul- 
ties in doing this, these would include many of the disputed questions 
in the field of radiobiology such as: ‘“‘Can certain amounts of radiation 
be sustained without damage (1) to the individual and (2) to the race, 
and if there is such a threshold, what is it? Further, if there is no 
threshold, what levels of radiation can be received with various levels 
of risk resulting?” 

There is nothing unique to the problem of radiation protection. 
Certain of the problems matintabnd above are difficult principally 
because of the lack of certainty in stating the effect of specific doses 
of radiation, but they are not unique. There are similar difficulties 
in being certain about the long range effects of radiation. These 
problems have analogies to other hazards and the protection that is 
provided for them. The problem of carcinogens in foods is an example 
of a hazard for which most of the data derived from animal experi- 
ments. Just as with radiation the precise minimal amounts which 
are safe are unknown for many luahieal carcinogens. Chemical 
carcinogens in foods can usually be avoided by using another sub- 
stance that is not a carcinogen but will serve the same purpose; 
radiation is impossible to avoid entirely but one attempts to reduce 
the exposure to the lowest practicable limits. 

(3) Criteria or standards for radiation protection are needed in 
order to have an objective quantitative indication of the danger limits 
of radiation. The purpose of the standards is to have limits that are 
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generally agreed on and accepted which will serve as a guide to what 
is safe and what is not safe. 

(4) Criteria or standards for radiation protection are adequate 
when they accurately and completely indicate the levels of hazard. 
Accuracy and completeness are the principal requirements to be met, 
and are equally important. By completeness of standards is meant 
in the case of radiation protection that. since radiation is a risk that 
takes many forms, for instance, internal radiation, external radiation, 
alpha radiation, beta radiation, and so forth, the standards to be 
complete must take account of these many forms. 

(5) Among the major sources of radiation are X-ray and electronic 
equipment, particle accelerators, reactors, radioactive isotopes, and 
nuclear weapons detonations. The distinguishing characteristic of 
X-ray sources is that they emit external radiation which is protected 
against with time, distance, and shielding. That is, operators of 
these devices maintain certain distances between themselves and 
the source, use shielding materials of lead and other heavy material 
between themselves and the source, and when they must get near 
the radiation, limit the time of exposure in order to keep their ex- 
posures to a minimum. In addition to all this dosimeters are worn 
so that the actual dose of radiation received is known, and if the per- 
missible dose of radiation is exceeded, appropriate steps are taken 
such as removing the exposed ladividual’ from further exposure to 
radiation, or providing medical treatment if the dose received was 
high enough to warrant treatment. 

Particle accelerators are also sources of external radiation, and 
very much the same principles apply as to X-ray sources. Since 
energies and dose rates are usually higher more shielding and more 
distance are usually required. The high energy particles from these 
machines may induce radioactivity in materials which in turn become 
a radiation hazard. 

Reactors are a source of external radiation, protection for which is 
obtained by means of shielding, time, and distance. Reactor waste, 
materials, and products are in the form of radioactive isotopes which 
can be a source of external radiation when sufficiently concentrated 
or an internal hazard whenever they get into air, food, or water 
which may be inhaled or ingested. Accidents to reactors may result 
in radioactive isotopes getting into air, food, or water. 

Radioactive isotopes whether used in medicine, industry, or. in 
research can be a source of external radiation when used in heavy 
concentration or a possible internal hazard if not properly handled 
and allowed to contaminate the environment. in such a way that 
they may be absorbed by human beings. 

Nuclear weapons testing causes prompt external radiation at the 
time of detonation, and also produces radioactive isotopes in the 
form of fallout which may be spread in considerable amounts to 
nearby areas and in very small amounts may be spread worldwide. 
Protection is assured to those engaged in testing by safety precautions 
which depend largely upon keeping proper distances from the detona- 
tion. Protection against nearby fallout is provided for by avoiding 
testing when wind directions are such that inhabited areas would be 
affected. Worldwide fallout is in such low concentration that little 
increase above natural radiation is produced by it. 
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(6) Radiation protection criteria in use in the Department of 
Defense are both recommendatory and binding. In general, stand- 
ards recommended by the National Committee for Radiation Protec- 
tion are adopted, with command prerogative to exceed occupational 
standards in emergency situations, again to conform as nearly as 
possible with N ‘RP recommendations. Full explanation of such 
exposure excursions above the standards are required to be submitted 
to higher echelons. This provides direct and indirect limits on ex- 
posure dose. Exposure limits are applied to individuals or small 
groups considered as individuals. Population protection standards 
are provided by adoption of the licensing standards for each installa- 
tion; controls on exposure sources are applied in accordance with 
licensing agreements and directives, in which State and Federal 
regulations have been considered. Previously existing hazards have 
been controlled to limit exposure dose to recommended levels. 

(7) Radiation protection criteria and standards are promulgated as 
general guides, with upper limits of exposures. Responsible agencies 
within the services, utilizing these guides and the formulae and data 
approved for computation by the NCRP publish specific tables of 
standards for specific situations (submarine standards, air standards, 
field water standards, etc.). 

(8) The essential philosophy of radiation protection is the allowance 
of as little radiation exposure as possible in routine operations; but 
where emergencies of defense, life saving, or material protection exist, 
the risk involved as an unknown result of exposure must be weighed 
against immediate requirements. Where weekly exposures are con- 
templated that will exceed weekly standards, quarterly standards, 
and annual standards are imposed. 

(9) All information and assumptions utilized in the calculation of 
protection criteria are those recommended by NCRP, or in circum- 
stances such as military configurations or operations for protection, 
determined by laboratory and field testing. 

(10) Confusion is raised in the mind of the public by the publica- 
tion of incomplete data, which may frequently be assessed improperly, 
and by comparison of such data with published recommended stand- 
ards for the population. The selection of portions of such data com 
bined with the interpretation of selected biostatistical information 
allows the formulation of incomplete or incorrect conclusions. Since 
such results are more dramatic than complete long-term studies, they 
are more widely publicized. Within the Department of Defense, 


through schools and publications, attempts are made to preclude 
such confusion. 
I] 


(1) Commanding officers in the military service, responsible by 
service regulation for safety and protection of the personnel within 
their command, use regulations and publications promulgated by the 
Surgeon General and responsible service agencies to establish standards 
and procedures. Within the Department of Defense, the standards 
outlined title 10, Code of Federal Regulations, parts 20 and 30 are 
utilized as minimal standards. Where military installations hold 
licenses for material and sources granted under the Atomic Energy 
Act of 1954 (68 Stat. 919), standards and regulations conform wit 
lcensing agreements. Where guidance for standards and protection 
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concerning a type source are applicable to more than one command, 
regulations or publications outlining procedures and standards are 
published in appropriate channels. ‘hese may be altered or changed 
to conform to the operational situation requiring such information, 
but the standards outlined in 10 CFR 20 or 30 are not exceeded except 
by command decision in emergency situations. Where it is necessary 
to develop standards for specific situations, they may be developed 
at the command level, subject to review by proper authority. 

(2) All source type exposure criteria utilized within the Department 
of Defense are based on the data contained in 10 CFR 20. Specific 
regulations exist for control of the radiation hazards resulting from 
power and propulsion uses of atomic energy, weapons testing, calibra- 
tion source, special nuclear materials, and radioactive materials. 

(3) Speeific circumstances which require radiation protection criteria 
or standards include: 

Naval nuclear propulsion, including crew exposure, discharge 
of radioactive materials, and repair activity exposures; 

Aircraft nuclear propulsion, including air and ground crew 
exposure and discharge of materials into the atmosphere; 

Research and power reactors, including package type, where 
crew and neighborhood exposures must be considered; 

Radioactive source sets, including storage, training, and 
transportation exposures; 

Radioactive materials, including exposures by users and others; 
weapon handling and accident exposure. 

(4) Public relations problems occasionally exist where stationar 
reactors are to be established, where portable reactors are to travel, 
or where accidents occur in handling, or transportation of materials 
including special nuclear materials and weapons. It is normal policy 
to coordinate fully with all interested groups when a potential problem 
may exist, i.e., when a nuclear submarine is to visit a port, local public 
health authorities are advised on all aspects of such a visit. It has 
been found desirable to make known to the public as much as possible 
about the implications of radiation sources, particularly when such 
can be done in general terms, such as publication of principles. 

(5) Legislation in the field should be in the area of protection, rather 
than on standards, since the basis of standards changes with increasing 
knowledge of the effects of radiation. Within the Department of 
Defense, there is sufficient regulatory effort to enforce recommenda- 
tions accepted as policy. 


Ill. THe Bastc Concepts UNDERLYING RADIATION PROTECTION 
CRITERIA AND STANDARDS, INCLUDING BIOLOGICAL, Soc1o-Eco- 
NOMIC, PoLITICAL AND PRACTICAL APPLICATION CONCEPTS 


A. CONCEPTS PRIMARILY BIOLOGICAL 


(1) The concepts developed for establishing maximum permissible 
body burdens of nonradioactive toxic substances have given firm 
precesenia relatable to radioactive materials deposited in the body, 
zt us consider a specific example of one type of hazard—internal 
deposition of a toxic substance—in which the criteria for establishin 
a hazard level and a ‘‘safe’’ body burden are almost entirely paralle 
to those similarly used for radioactive substances. To develop staud- 
ards, certain basic information must be known for each toxic substance. 
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(a) The ‘‘critical organ’’ or tissue must be identified. That is, the 
organ or tissue in which the substance will produce the most sig- 
nificant damage in the lowest concentration must be determined by 
pone scientific evidence. 

(6) The metabolic pathway of the toxic substance must be identified 
to determine through which tissue and organ systems the substance 
in question passes and in which it remains. 

(c) The ‘biological half life’’ or ‘“‘half time’’ must be determined. 
This is defined as the length of time required for the body to eliminate 
one-half of the particular substance under consideration in the body 
at a specified time. 

Once these basic facts are established and the character of damage 

roduced by the offending substance is known, criteria can be estab- 
lished delineating the level of concentration or the ‘‘total body burden” 
permissible at any specified time in any specified individual. 

Although, as will be discussed later, the specific type of damage 

roduced by a nonradioactive material may differ from that produced 
Ce a radioactive isotope, the basic philosophy of establishing criteria 
to evaluate the hazard and standards to establish limits of environ- 
mental concentration or of organ, tissue or body burden are sumilar. 

(2) The comparison of biological damage resulting from different 
types of insults varies over a broad range. For example, there is 
little, if any, comparison between the tissue effect of acute trauma, 
such as a fall producing a broken arm, and a total or even partial body 
exposure to ionizing radiation. On the other hand, exposure to cer- 
tain toxic substances can produce a suppression of bone marrow activ- 
ity and the resultant fall in the comity of blood cells which will 
parallel quite similarly the bone marrow damage resulting from 
irradiation. 

There is such a range of known effects from radiation that it is 
impossible to establish quantitative comparisons to the effects of 
nonradiation insults. 

(3) Adaptation of biological information to the development of 
radiation protection criteria and standards has been logical and in its 
underlying philosophy fairly simple. More than 60 years ago there 
developed ample evidence that radiations could produce biological 
damage. From the early gross observations, crude but logical rules 
of protection were applied on a rather loose and informal basis. 
Evidence that a variety of manifestations of radiation damage could 
occur at a variety of times during or after exposure led to the current 
reciprocal relationship between criteria and biological information. 
The biological information indicates that standards of protection are 
required. The desire to have valid standards requires more precise 
biological information. 

serngeining that different qualities of radiation will produce dif- 
ferent degrees and kinds of effect on different tissues or organs, the 
‘critical organ’”’ concept came into being. ,Thus, the bl forming 
tissues become the “critical organ”’ in limiting a total body exposure, 
because it appears at this time that these tissues will suffer the most 
deleterious effect from the least exposure. 

(a) Although there is much yet to be known about radiation effects, 
the information at hand is sufficient to establish sound, conservative 
rules of operation with good assurance that the population as a whole, 
and future generations will not be significantly damaged. Although 
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there is a wide variety of uncertainties relating to both acute and 
chronic effects, their recognition alone serves to reduce their impor- 
tance by imposing more conservative criteria. 

(6) Precise information is lacking in two major areas. First, the 
relationship between effects of total and partial body external irradia- 
tion with knowledge of the range of response of a large group to a 
variety of types and energies of radiation needs better understanding. 
Although much work has been done on this subject with experimental 
animals, the uncertainties of extrapolation to man still exist. Infor- 
mation from accidental exposures to man has been carefully compiled; 
however, the uncertainties of actual doses received are great. The 
close scrutiny of people who have received measurable body burdens 
of radioactive isotopes having long biological and radiological half lives 
leer one of the few opportunities for careful evaluation of long-term, 
ow-level radiation effects on humans. 

The second area of interest is the variety of submicroscopic altera- 
tions which take place within a cell exposed to radiation. A clearer 
understanding of these changes related to dose and dose rate should 
lead to better information concerning the mechanisms of acute radia- 
tion sickness, malignant changes after some years, biological recovery, 
and the production of genetic mutations. The development of this 
kind of information is currently in progress at many research centers. 
In recent years a great increase in knowledge has evolved from this 
research. With the passage of time, adequate support of such 
research programs should yield those vital answers from which criteria 
and standards can be quantified with a high degree of confidence. 
Knowledge of these basic, intracellular mechanisms may also lead to 
methods of physiological protection against radiation effects. 

(4) “Safety factors” built into present standards and criteria are 
essentially based on confidence levels and statistical variation because 
observations have not been made for entire working lifetimes under 
controlled conditions on groups sufficiently large to give a high degree 
of confidence, groups of smaller size and, therefore, less statistical 
validity must be accepted. In these groups, practicing radiologists 
for example, reasonable estimates of long-term exposures and exposure 
rates are available. In any organism as complex as the human body, 
we must expect wide variations in type or degree of response to a given 
insult such as a certain radiation dose to each of many individuals. 
Thus, if a certain amount of radiation dose to such a group has never 
showed a demonstrable deleterious effect, it is reasonable to assume 
that a large percent of the group are well below the dose level which 
would be expected to show an effect in their lifetime. 

On this basis, then, it is possible to set such a limit as a permissible 
exposure, or by a similar process to establish a maximum permissible 
concentration of a radioisotope in the body, and to feel confident that 
for the large majority a significant safety factor has been established 
due simply to the biological variation in response. Such a procedure 
has been followed in setting maximum permissible exposures. 

However, since the size of the groups observed have been too small 
to give a high degree of statistical confidence, further safety factors 
are injected. To compensate for this lack of confidence in the num- 
bers, the limits are usually reduced by a factor of 5 or 10 to be well 
on the conservative side. Such conservative figures are deemed 
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desirable, since certain long-range effects are still not well quantified 
vis-a-vis total dose, dose rate, type and energy or mixture of radiations 
and a number of similar variables: Thus, in generalities, it might 
be said that the goal in establishing a limit for an occupationally 
exposed group is to keep the exposure level down to not more than 10 
to 20 percent of that amount which would produce a measurable 
effect in the lifetime of the most susceptible member of the group. 

At no time under these criteria would any individual show an acute 
response to radiation. 

(5) The concept of a “threshold” below which exposure has no 
effect must be considered from two points of view. First, the pro- 
duction of a demonstrable effect on an organ or system manifested 
by a change of function presupposes an ability to find such a func- 
tional change by routine or special clinical methods. Thus, a single 
‘“threshold’’ exposure to a total body dose of radiation may be of the 
order of 25 roentgens. In the most susceptible person with a single 
one-time acute exposure we might find a measurable change in the 
white blood cell count from such an exposure. Obviously, current 
standards hold acceptable exposures far below such a ‘“threshold.”’ 
On the other hand, certain specific changes within an exposed cell 
might take place with the least possible exposure and return to normal 
in a given time with no residual effect. At a higher exposure the 
same specific change might take place but not return completely to 
normal. Thus, at some point a “threshold” dose would exist. To 
what extent this may be true cannot yet be answered. Considerable 
research effort is currently directed toward an attempt to solve this 
fundamental question. 

Similarly, the question of whether a genetic mutation cannot be 
produced below a certain “threshold” is not yet answered to the 
satisfaction of the cognizant scientific community. At higher doses 
there is fair agreement that the number of genetic mutations is pro- 
portional to the total dose without regard to the time of exposure. 
That is, there is no apparent ‘recovery.”” Whether this linear re- 
sponse carries down to the lowest possible exposure is not known. 

Since natural background radiation makes it impossible to observe 

the mutation rate in a population produced only by nonradiation 
factors, the latter question is most difficult to answer. The current 
criteria and standards are considered ‘‘safe’’ since they are designed 
with the belief that at these exposure levels no measurable effect will 
show up either in the exposed individual’s lifetime or in future gen- 
erations. 
_ (6) The lowering of permissible exposure levels over recent decades 
indicates first that more information has been developed concerning 
long-term effects of radiation. With some of the uncertainties re- 
maining in this knowledge a very conservative approach is the only 
acceptable one. The second implication of the increased conservatism 
is a tribute to the working with radioactive sources and designing 
radiation producing equipment. The increase in knowledge of the 
hazard has stimulated the improvement in design of equipment and 
methods of operation to where most procedures now produce far less 
exposure to operating personnel than the maximum permissible levels 
acceptable by current standards. 











924 RADIATION PROTECTION CRITERIA AND STANDARDS 


B. CONCEPTS PRIMARILY SOCIAL AND ECONOMIC AND CONCEPTS OF POLICY 


(1) In the development of protection criteria and standards to 
control the exposures to risks of any type, there is always the one 
ultimate ideal—that of no risk. . In an occupational environment a 
realistic approach to such an ideal level could not reasonably be ex- 
pected to eliminate risks below the average experienced by the total 
population in nonoccupational or nonhazardous occupational activ- 
ities. If then, the product or service produced by this hazardous 
occupation is of such necessity or benefit to the population as a whole 
that it must be prosecuted, then certain elements of risk inherent to 
the procedure are accepted on a statistical basis. For example, a 
pilot flying an airplane, whether for military training or commercial 
purposes, is paid at a higher rate than that of a less hazardous job 
requiring the same technical competence. Since, with a large num- 
ber of individuals engaged in this hazardous occupation, it is possible 
to predict his work-life longevity the extra-hazardous-duty pay can 
be realistically computed and prorated by increasing the pay rate in 
the hazardous occupation to provide a total career income during the 
predicted shorter lifespan to give an income equivalent to that which 
he would receive if he lived the full work life period anticipated under 
a nonhazardous equivalent occupation. This approach of compensa- 
tion exemplifies a voluntary acceptance of a hazard required by the 
individual entering the occupation when he has reason to believe that 
all those concerned have established standards and criteria of pro- 
tection reducing the risk to the lowest economically feasible in an 
activity which is essential to the welfare of the population as a whole. 

In contrast, quite obviously certain activities involve acceptance 
of a dire risk for which added compensation is not provided or is 
only token in amount since the activity involved is vital to the welfare 
of the whole population. An example of such a risk is combat 
activities in wartime. In industrial processes in which the hazards 
to the operational personnel can be reduced to an acceptable minimum 
a further criterion must be established. Although individuals in a 
small group working in the industry may accept a certain hazard 
such a degree of risk cannot, of necessity, be imposed on the total 
population. As an example, an occupational group may, with rigid 
operational control measures, work in an explosives manufacturing 
plant and accept a small element of risk of an explosion. One cannot, 
on the other hand, ask the total population to unnecessarily accept 
this same risk when it is quite feasible by isolation and distance to 
remove the hazard from the nonoccupational populace. 

(2) From a policy and economic point of view, the fundamental 
reasoning behind the development of criteria and standards to protect 
against hazards other than radiation are the same in their philosophy 
as those used in developing radiation protection standards. The 
basic principle, of course, is that no exposure or no risk is the ideal 
for the occupationally exposed group. 

On the other hand, for the population as a whole, it is mandatory 
that the process producing the risk will produce none to the total 
populace. In actual practice, a hazard-producing cocupation must 
be thoroughly analyzed to evaluate the degree of hazard to occupa- 
tional personnel and to reduce the hazard to as near zero as possible. 
If the zero risk cannot be reached, either by the inherent nature of the 








=“ 


) 
p 
A 
l 
- 
p 
) 
4 
] 
) 
: 
d 
l 
2 
r 
: 
L 





+ REERRRSEE Sy 


x FTE: TSE TY RET FENRIS 


RADIATION PROTECTION CRITERIA AND STANDARDS 925 


occupation or because the cost of protection is too high, then the 
necessity for the procedure or service must be carefully weighed 
against the risk attached. At this stage of the evaluation, it is then 
necessary to inform the occupational group of the extent and nature 
of the hazards. Presuming that the hazardous occupation then is 
truly in the best interests of the population as a whole, the assumption 
of risk then becomes an individual and voluntary responsibility on the 
part of the individual worker who, under these circumstances, is free 
to remove himself from the hazardous occupation as he sees fit. 
These basic philosophies concerning any risk apply also to the radia- 
tion hazard problem. It is the responsibility of the employing 
organization to insure not only that safety standards are maintained, 
but that the individual is aware of the special characteristics of the 
radiation hazards. 

(3) The “philosophy of risk” as understood in this context must 
be considered in both individual and population standards. Under 
conditions of peacetime activities the risk to the total populace 
must not be increased above that which exists in its natural environ- 
ment prior to the addition of the hazardous process or service. Any 
risk above this is not acceptable. 

The risk to a population in a specific hazardous occupation must 
be weighed against the benefits to the society as a whole and the dele- 
terious effects upon the society asa whole. As an example, in a radia- 
tion. hazard situation any genetic effects demonstrable in future 
generations produced as a result of the exposure of the occupational 
group should. not be statistically significant and, therefore, identifiable 
among the mutations normally occurring in the society as a whole. 
When the individual is considered, the statistical approach is unreal- 
istic since by the law of dichotomy either an effect from hazard will 
_— or it will not. Therefore, to the individual it is a matter of 
“betting the odds” which, according to current safety criteria and 
standards, are weighted heavily in his favor. So far as the popula- 
tion as a whole is concerned, the single defect showing up in this single 
individual is then diluted to negligibility by the size of the total 
populace. 

(4) In any hazardous occupation there is not of necessity the same 
degree of hazard to each individual worker. Some processes may 
involve little if any risk, whereas other activities in the same occupa- 
tion may involve maximum acceptable risk. In many laboratories 
and plants processing or using radioactive materials, areas are de- 
lineated as high, medium, or low radiation areas. The degree of 
protective action is also related to these levels in that precautionary 
procedures are more rigorous as the degree of risk increases: This 
does not mean that exposure standards change with the change in 
hazard. It illustrates the acceptance of responsibility to insure that 
the standards are adhered to under all levels of risk. 

(5) Although to the total populace the primary consideration relates 
to the potential genetic hazard and can be evaluated statistically as 
the overall exposure to the entire population, the ‘total dose” concept 
cannot be applied to an occupational group. In the latter, the pri- 
mary concern is to reduce the probability that any defects will show 
up during the lifetime of the oup.. Therefore, the desirable goal is to 
keep the median exposure of the group as low as possible. Thus, if 
one individual received a relatively high amount of exposure’ during 
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his work life and the remainder of the group a very small amount, the 
average exposure for the group would be small. However, if the one 
receiving the higher dose developed a defect later in life, it would 
present a failure in the system with a defect chargeable against the 
group. 

On the other hand, if the activity which produced the higher ex- 
posure had been done in turn by all members of the group, a slight 
increase in the dose received by each would occur, but none would 
receive enough to develop a radiation-produced defect and thus no 
defect would be charged against the group. Spreading the risk in 
this manner reduces the risk to the group as a whole. 

(6) In the vast majority of operations involving the exposure of a 
group to radiation, the group at risk is not the one receiving direct 

enefit from the hazardous procedures. As a parallel example from 
the construction industry, the building crew exposed to the hazards 
of constructing a skyscraper in all probability will have little if any 
ents to benefit from the existence of the structure once it is com- 

eted. 
; The best illustration of the two groups under discussion, those 
benefiting and those not benefiting but where both are exposed, is 
the use of radiation sources in medical diagnosis and therapy. One 
group, the medical staff, must face the risk of exposure but receive no 
direct benefit. This group of necessity must be protected to every 
extent reasonable. It is, therefore, an ‘‘occupational group” to be 
governed by the radiation protection standards. The patient, on the 
other hand, is a single individual receiving the direct benefit. Although 
it is self-evident that all possible care should be exercised to k2ep his 
exposure at a minimum consonant with the procedure being admin- 
istered, the benefit derived far outweighs the risk entailed. Further- 
more, the patient as a single individual cannot contribute significantly 
to the pool of genetic mutations in the total population. 

It would be unreasonable to expect that the medical staff should 
accept exposures above those allowed for any occupational group to 
enhance the benefits to individual patients. 

(7) The acceptance of exposure risk varies with the reason. If the 
emergency saving of life would require accepting a known, significant 
(but not fethal) exposure, the exposure would be acceptable. This is 
recognized by the ‘‘once in a lifetime’ emergency exposure established 
in certain current standards. Short of such a dire emergency, the ideal 
is that no reason is adequate for accepting exposure. In actual prac- 
tice, this is not quite feasible so the degree of exposure is then related 
to the urgency of the procedure requiring the exposure with the stand- 
ards preseribing a maximum allowable dose. 

(a) The practical limits of radiation protection can be maintai.ed 
to conform with current exposure standards. Since no information 
indicates that it is acceptable to relax these standards, it would be 

uite unfair to occupational personnel to ask for more liberal criteria. 

herefore, the question of the limit on protection is economic. Is the 
process, product, or procedure worth the cost of the required protection? 

(b) In general the costs of providing radiation protection follow a 
law of diminishing returns. This is Sientrated best by the simple 
example of shielding with an absorbing material. If a given thick- 
ness of shield reduces the dose by one-half, then adding an equal thick- 
ness—presumably at the same price—will reduce the remaining beam 
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by one-half, or only one-fourth the original dose rate. Since this con- 
tinues progressively, the cost of shielding the last residual radiation 
might outweigh the economic value of the radiation producing process. 

(c) It is quite evident that many manufacturing and measuring 
processes could be greatly enhanced by utilization of radioisotopes in 
quantities beyond that permissible in the environment. These costs 
must be borne, since the risk to the population is unacceptable. This 
particular “‘cost’’ on the other bane has stimulated the development 
and production of much more sensitive detection devices so that much 
lower levels of radioactivity are necessary to accomplish many of these 
industrial and medical diagnostic procedures. 

(d) The concept of ‘“‘absolute safety’”’ is unrealistic and has not and 
cannot be applied in any activity where fallible humanity is concerned. 
The best ideal in radiation protection is to add no hazard not already 
present in background radiation. This ideal has not and probably 
will ah be attained. Again the risk must be balanced against the 
benefits. 

(8) The development of criteria and standards of radiation pro- 
tection follows a logical sequence. Depending on available biological 
data certain doses and dose rates of radiation are determined to be 
acceptable as not probably productive of defects of a certain nature 
to a particular population at interest. In the manner used for estab- 
lishing any safety standards certain factors of safety are then applied. 
These vary with the degree of confidence in the biological data. For 
example, in standards for nonradioactive chemical toxicity, the 
threshold body burden which has been demonstrated to produce 
damage is reduced by a factor of five if the evidence is incontrovertible 
from human exposures. If the evidence is from laboratory animal 
data, it is customary to reduce it by a factor of ten in the interest of 
conservatism and the uncertainties of extrapolating these to man. 

(a) Evaluating cost of protection provided against cost of protec- 
tion not provided is essential. As one vivid example, a physician 
using a radioactive material to treat a diseased patient may well 
receive a certain exposure in the process of administering the isotope. 
It certainly would be physically possible to provide sufficient shield- 
ing to eliminate all hazard to the physician. This added shielding 
might make it physically quite impossible to administer the isoto 
and consequently the cost to the patient of no treatment would 
unacceptably high. 

(6) It is certainly essential in designing any process or procedure to 
balance all costs and benefits. The benefit might be so great that 
large costs either in money or in risk should be taken. Otherwise 
the benefit might not be sufficient to warrant the extra cost. The 
dollar profit to a manufacturer of a consumer product might warrant 
investment in shielding materials and handling equipment, but it 
certainly could not justify undue risk to the occupational group. 

(9) In the present state of the art, it does not seem reasonable to 
expect that judgment can be supplanted by formal economic decision 
models in the field of radiation protection. However, such approaches 
can serve as constructive guidance in the development of protective 
systems. For example, if it were possible to quantify the number of 
long-term radiation produced defects or subsequent generation muta- 
tions in terms of anticipated exposures to be expected with different: 
degrees of shielding or different operational procedures, dollar values 
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involved in shielding or operations could be correlated to the defects 
produced. Since the eurrent philosophy of protection is directed 
toward the production of no defects above those normally occurring 
in the population, the value of such a procedure seems to be only to 
evaluate whether the cost of increased shielding or operational im- 
provement to produce this goal would be worth while in terms of the 
benefits derived from the process or service under consideration. 

(a) If sufficient data were available, it would be quite possible to 
make statistical predictions as to the quantity and quality of biologi- 
eal damage in a group of statistically significant size. Whether a 
significant amount of information on human beings subjected to 
radiation exposures will ever be available remains in question. Until 
such time, the only alternative appears to be the use of the best pro- 
fessional, scientific and medical judgment based on information 
available. 


C, CONCEPTS OF PRACTICAL APPLICATION 


(1) It is extremely difficult to solve radiation protection problems 
without using any radiation protection criteria or standards. Most 
of these problems that are posed are ultimately solved by referring to 
some source of standards, i.e., a problem of protection in a military 
situation is solved by use of military manuals or tech orders which are 
based usually on ICRP or NCRP standards with possible variance 
for the military situation. 

(2) Flexibility is highly desirable in most all situations as a rigid 
standard is not adaptable to all situations that might arise. A range 
of values as a guide is more appropriate than a single number as it 
will allow for intelligent evaluation of a problem. It would be de- 
sirable if one set of standards could be formulated with sufficient 
flexibility to allow for all sets of conditions; however, it is difficult to 
visualize such a set of criteria. From the standpoint of practical use 
the fewer sets of standards available the easier control becomes. 

(3) The next best thing to one set of ranges of values is one set with 
specific variations for industry, military uses, general population, 
etc., much as now exists in practical use today. There shestld be very 
little basic difference in these criteria as all refer to NCRP-ICRP 
standards. However, it is easy to see that some variation should be 
allowed as cases vary according, to the application of the standards. 

(4) Uniformity is essential in formulating a set of standards. In 
this instance uniformity has reference to standard methods of protec- 
tion or protective equipment materials and to standard type of 
measurements of radiation. Deviation from a uniform system leads 
to confusion and uncertainty of values of radiation protection and/or 
exposure. This uncertainty results in arguments and publication of 
conflicting results. 

(5) (a) Radiation protection standards serve as a control of radia- 
tion or contamination before exposure occurs by prescribing permis- 
sible exposures. By reverse calculation the amount of protection 
necessary for a permissible or lower dose is determined and used. 

(6) Similar methods serve as a control. of individuals who may be 
subjected to exposure. By providing standards of permissible ex- 
posure these individuals are controlled = access control and individual 


evaluation and kept within exposure limits. Any danger of exceeding 
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these limits results in a change in the status of that individual whether 
permanent or temporary. Individuals of the general population are 
considered in source control. 

(c) Under certain operating conditions continuous or intermittent 
monitoring of dose can be provided. This could be either individual 
or area monitoring. In any event, however, the values obtained are 
compared to da standards to determine how the routine 
operations shall proceed. 

(d) Radiation protection criteria are the primary factors controlling 
the amount of dose permitted to personnel. This dose coupled with 
the probable dose generated in the area largely determines the extent 
of monitoring of both personnel and the environment. 

(6) Degree and Method of measurement should be incorporated into 
radiation protection criteria to a high degree. Use of protection cri- 
teria is and should be widespread in order to provide adequate safety 
limits for everyone. However, as pointed out in (4) above, lack of 
uniformity can give discouraging results, while detailed methods of 
measurement and degree of measurement could enhance the value of 
radiation protection criteria. Certainty that all values as measured 
are within certain confidence limits would permit more accurate 
control of exposure. 

(7) The actions contemplated in the development of existing radia- 
tion protection standards are closely associated with the particular 
type of radiation that is being regulated. For instance the regulation 
concerning weapons testing involve such actions as maintaining safe 
distances, use of goggles to protect eyes, monitoring of personnel and 
equipment leaving contaminated areas, provisions for decontamina- 
tion, etc. 

In reactor design certain actions are contemplated such as where 
the people operating the reactor will be when the reactor is critical, 
how many hours a week they operate the reactor, what shielding is 
present, etc. 

Standards associated with contamination involve such actions as 
monitoring the location, amount, and kind of radiation, the doses per- 
mitted while decontaminating, the hours of work per week, how to 
handle and dispose of the radiation, and many others. In other 
words, regulations concerning radiation standards do not exist just 
as regulations in a book but are always concerned with all the actions 
to be taken by those working on the operation which taken together 
will hold radiation exposure to a minimum. 

(8) The report of the ad hoc committee of the NCRP did not 
contain specific recommendations immediately applicable as maximum 

ermissible doses, but did suggest & basis for expression of such doses 
or the population. Pending the possible formulation and approval 
of specific values, the NCRP recommended the use of the current 
recommendations of the ICRP concerning permissible doses for the 
population. The recommendation of the National Academy of Sci- 
ences Committee and the National Committee on Radiation Protec- 
tion for a maximum average per capita dose to the gonads of 10 
roentgens of manmade radiation per 30 years is roughly three times 
the background level, and these recommendations include the esti- 
mated contribution from medical and dental radiation. The maximum 
permissible dose of whole-body exposure for a single individual recom- 
mended for the general population by the ICRP and the NCRP, 
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although expressed in terms of a fraction of the permissible occupa- 
tional exposure, is approximately five times the background. For 
long-range planning purposes, the ICRP has suggested a permissible 
average level for the whole population in the general vicinity of the 
background dose (a manmade radiation level of 1.7 times background, 
if background is taken to be 100 millirem per year). 

(9) The significance of tying criteria or standards to natural back- 
ground radiation levels is that a natural background radiation has 
always been part of the environment of the human race and has 
Spparenidy not caused significant deleterious effects. If the amount 
of radiation allowed to the general population is not far above natural 
background it is a reasonable assumption that few or no deleterious 
results will follow. 

(10) The actual exposure dose recommended by the NCRP and 
the International Council for Radiation Protection involve many 
considerations of the benefits to be derived from radiation sources 
balanced against the damage caused by radiation. The reasoning 
behind assigning different exposure doses to different groups in the 
population is as follows. Occupational exposure is allowed up to 5 
rems per year beyond age 18. This dose is considerably smaller than 
any dose which is known to have caused damage to humans or, 
reasoning by analogy from animal experiments, is likely to cause 
damage. There is small possibility of damage if we assume that there 
is no threshold dose for somatic effects. The people who are occupa- 
tionally exposed are a small percentage of the whole population. 
They are adults, they have medical screening prior to employment, 
they are carefully controlled and monitored by dosimetry and they 
accept such employment voluntarily. 

Individuals in the general populations are assigned a dose one-tenth 
of that permitted to those occupationally exposed. This dose is not 
far above that for natural background and if any damage is produced 
it is not detectable. However, since in any large, uncontrolled, 
group there will be variations from the desired figure, this dose will 

e divided by 3 making the dose to the general population one- 
thirtieth of that to the occupationally exposed or 0.17 rem per year. 
Since this figure may vary by a factor of 3, individuals in the 
general population may have exposures of 0.5 rem per year, one- 
tenth of the occupational group. An important additional reason for 
keeping the exposure to the general population as low as possible is 
that when the whole population is involved we are concerned with the 
sum of all our genetic inheritance and not with a small fraction of it 
as we are when dealing with a small fraction of the population. 

(11) The safety regulations used during nuclear weapons tests have 
always concerned themselves with the question of local fallout, and the 
timing of tests has depended on the direction of the prevailing winds. 
Worldwide fallout has never been regulated since there is no known 
way at present to prevent the ultimate spread of fission products 
from a fission weapon detonated in the atmosphere. 

(12) The largest military use of atomic energy is in nuclear sub- 
marines, The regulations that govern the operation of these sub- 
marines are contained in NAVSHIPS 389-0197, 389-0153, and 389- 
0152. These regulations were formulated in consultation with 
personnel of Office of Chief of Naval Operations, Bureau of Medicine 
and Surgery, the U.S. Public Health Service and tne U.S. Atomic 
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Energy Commission Office of Health and Safety, Division of Licensing 
and Regulation and Division of Reactor Development. 

The provisions of these manuals are based on the recommendations 
of the NCRP contained in the National Bureau of Standards Hand- 
books 48, 51, 59, 63, and 69 plus the requirements of the U.S. Atomic 
Energy Commission Manual and the Code of Federal Regulations, 
title 10, part 20, “Standards for Protection Against Radiation” which 
is applicable to licensees of the Atomic Energy Commission. It is 
obvious in studying these regulations that the most careful measures 
are required in order to minimize radiation exposure both to the crew 
of the submarine as well as to the environment. It is instructive to 
note that no member of the crew of a nuclear sybmarine has exceeded 
5 rem in any one year. Average radiation exposures to personnel 
on Nautilus, Seawolf, and Skate have been about 0.3 rem per year. 
The 5 or 10 percent of the ship’s force engaged in maintenance work in 
the reactor compartments of Nautilus and Skate received an average 
does of about 1.5 rem per year compared to about 0.2 rem per year 
average for the rest of the ship’s force. Another example of a military 
use of atomic energy treated in a manner similar to normal industrial 
peacetime use in the Army power reactor program controlled by 
regulation. 

(13) The Department of Defense does not use special criteria or 
standards to meet the special cirumstances of military uses in peace- 
time, but bases its standards and regulations on NCRP recommenda- 
tions. Even the 25 roentgens allowed as an outside limit to pilots 
engaged in sampling the radioactive clouds from nuclear weapons 
testing is allowed as a one-time dose by NCRP recommendations. 

(14) The standards for maximum permissible concentrations of 
strontium have been applied to fallout levels which change in time. 
Our Government used this criterion of the amount of strontium found 
in bone in relation to the maximum permissible concentration as a 
basis for decisions of national policy in regard to nuclear testing. 

(15) It is possible under existing criteria and standards not to know 
when a given limit has been exceeded because sampling of food and 
water may miss individual areas where levels of radioactivity are high. 

(16) Since the derived standards (MPC) are based on the basic 
standards, with further assumptions as to RBE, biological response 
and metabolic rate, and statistical variation (i.e. in diet), there is no 
eave that in individuals at specific times that the MPD will not 

e exceeded. However, if the assumptions as to the biological and 
physical aspects are correct, the standards for population MPC should 
not be significantly different than the MPD. 

(17) When a measured level of contamination such as fallout “hot- 
pete occurs such that derived limits are exceeded, it is implied that 
the dose to be received by individuals will exceed the MPD. How- 
ever, with the variations allowed in the derivation of the limit, the 
appearance of “hotspots” should not be interpreted that an individual 
will necessarily exceed the limits or 1/10 limits, or that the population 
will necessarily exceed the 1/30 limits. It is only by actual deter- 
mination of the levels achieved in the individual or population that 
the dose can be caleulated. Further, the appearance of such “hot- 
spots’’ must be considered to be reduced in significance when quarterly 
or annual criteria are utilized. 
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(18) All isotope levels in the NCRP Handbook 69 are expressed in 
terms of concentration in water and air, based on average air and 
water intake. The average water intake, 2.2 liters per day, includes 
the water content of food. Therefore, the applications are for the 
total diet including water. 

(19) While it is difficult to determine permissible limits of exposure 
in time when recommended levels of contamination in the diet are 
exceeded, it can be said that weekly, quarterly, and annual standards 
exist and should be considered in assessing violations of the basic 
standards. In other words, individual exposures should be averaged 
over the proper periods, and population exposures should be averaged 
over the proper groups. 

(20) For lneoinaid application of the basic (dose) standards to 
environmental contamination, it is necessary to predict future levels. 
If one knows that a present level of radioactivity will decay quickly, 
it may be perfectly safe to remain in the area. 

If on the other hand decay will take place slowly so that a very 
high dose may be received by remaining in the area, evacuation might 
be required. 

(21) The ‘1/10’ (NCRP-ICRP) is used only by the NCRP (ex- 
cept by reference to the ICRP), and applies to the allowable radia- 
tion dose for individuals. When ‘1/10’ is found in the NCRP (ad- 
dendum to NBS Handbook 59, April 15, 1958), p. 5, par. 4): 

The radiation or radioactive material outside a controlled area, attributable to 
normal operations within the controlled area, shall be such that it is improbable 


that any individual will receive a dose of more than 0.5 rem in any one year from 
external radiation. 


The maximum permissible average body burden of radionuclides in persons 
outside of the controlled area and attributable to the operations within the con- 
trolled area shall not exceed one-tenth of that for radiation workers. * * * 

When “1/10” is found in the ICRP: 

(a) Page 13, paragraph 55. 
(6) Page 13, paragraph 56. 

“1/30”: This term odes not appear in the NCRP. It is found in 
two places in the ICR, i.e., (a) exposure of special groups, page 14, 
paragraph 57 and (6) somatic dose, page 16, paragraph 68. 

1/100”: This term appears in the ICRP and applies to the ex- 
posure of the population at large (p. 15, par. 65e). 

(a) It does not matter how those receiving the “1/10” exposure are 
distributed among the population; “1/10” applies to the allowable 
radiation dose for individuals; their distribution among the population 
is not considered as the term is used. 

(6) The range of natural background is 0.1-0.2 milliroentgen per 
year; the maximum permissible nonoccupational (‘1/10’) individual 
dose is 0.5 milliroentgen per year or approximately five times natural 
background. 

(22) The stated and “1/10” dosages (NCRP-ICRP) are the maxi- 
mum recommendations for an individual. 1/30” and “1/100” are 
average recommendations for groups. 

(a) “Special group” are exposure categories, defined in the ICRP, 
page 10, paragraph 36b. 

The allowable size of these (special) groups varies inversely with 


the average dose within the groups. See ICRP, page 15, paragraph 
65d. 
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The ‘‘1/10”’ applies to individuals in worldwide fallout situation, 
but the distribution of such individuals does not affect the establish- 
ment of fallout standards. 

(23) The “1/10” and ‘1/30’ limits are applicable jointly if the 
criteria for each is met. Thus, there must be insurance that no 
individual exceeds ‘1/10’? or no group exceeds ‘‘1/30’’. The applica- 
tion of both ‘1/10’ and ‘‘1/30” is therefore more restrictive than the 
application of either one. a 


(1) Summing up the preceding subject matter the first need that. is 
important in this field is to have more accurate knowledge on the 
long-term effects of small doses of radiation. Where these effects are 
not accurately known the standards will either be set too high with 
possible future injury to the individual or to the population or be set 
too low thus needlessly increasing costs of utilizing radiation. Con- 
tinuing research in this field should be carried on‘for a number of years; 
as our information and basic understanding increases we will be able 
to strike a better medium between the divergent needs of safety and 
operational difficulties. 

Whether Federal regulations for the control of ionizing radiation 
are enacted or whether we continue to depend on the individual States 
legislating in this field would appear to be something on which the 
Department of Defense should have no opinion. It would seem to be 
a matter for political decision. 

(2) The Department of Defense is not aware of major sources or 
potential sources of exposure for which standards are appropriate but 
do not exist or are inadequate. The medical use of X-rays is not 
included in the regulations for radioactive isotopes or reactors. Their 
use is indirectly regulated by laws that license medical practice. 

(3) In the future it would appear that the Federal Radiation Council 
will develop policy, criteria, and standards. How this will be done 
is difficult to say, but it would seem in a field where so much of the 
data is tentative and uncertain that too rigid adherence to fixed figures 
should be avoided right from the start. 

(4) Since new sources of contamination added to the environment 
will be from reactors, radioiostope laboratories and other establish- 
ments handling radioisotopes and since all these are licensed by the 
Atomic Energy Commission, no one can decide by himself to add 
contamination to the environment. 

(5) Scientists are certain to play a leading role in developing recom- 
mendations and data and helping to frame questions since only 
scientists and those with scientific training will have the competence 
to do these things. 

(6) The Nation’s work in biomedical research is well received and 
analyzed, and the radiation standards are as good as the accuracy of 
presently known data permits. More formal efforts may be needed 
in the sense of an official body specifically charged with responsibility 
for setting standards. This function will be performed by the Federal 
Radiation Council. 

(7) The Department of Defense has interest in whether radiation 
protection is a matter for the Federal Government since in writing 
and promulgating its own regulations, it uses Federal radiation protec- 
tion standards such as are contained in title 10, Code of Federal 
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Regulations. It would be difficult to make Department of Defense 
regulations conform with 50 different State regulations. 

(8) The Federal Government should continue to develop, improve, 
and extend the handling of its interests in radiation protection. The 
only major change in the way the Federal Government is doing these 
things occurs through the setting up of the Federal Radiation Council. 
The President with the advice of the Federal Radiation Council will 
act as the overall authority in the Federal Government on all matters 
of radiation protection. The Federal Radiation Council will be able 
to allocate responsibilities and duties to the various Federal depart- 
ments and agencies which have specific functions to perform. 

The role of Congress is to legislate and in this field through the 
Joint Committee on Atomic Energy to maintain supervision and to 
continue to keep itself informed of Roveldipenatite so that as new legisla- 
tion is needed it can be enacted. 

(9) The role of the various official and quasi-official groups such as 
the National Academy of Science and the National Committee for 
Radiation Protection should be to continue as specific groups with 
special knowledge in the field of radiation giving guidance to Govern- 
ment agencies who are concerned with legislation, regulations, and 
activities that involve radiation. 


V. ResearcH ProGcrams Rewvatep TO RaDIaATION PROTECTION 
STANDARDS, INCLUDING DosIMETRY AND MEASUREMENT OF Rapta- 
TION 


Sponsoring agency Laboratory 


Development of a spectrograph 
Development of surface barrier detectors and neu- 


tron electron multiplier. 
Investigation and establishment of facilities 
Tactical gamma-neutron dosimeter 
Individual dosimeters. --.................- 
Administrative dosimeter__.__...........--- 
Radiological survey equipment and systems 
Radiological dosimetry - - ------- 
Radiological survey (instrumentation) 
Radiological detection by fixed instrumentation - - - - 
Radiological equipment (calibration) - - -_._.- 
Radiac development program 
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Dosimetric techniques. -__---- BP PG ATS 5 EDS PETE 
Radiac system standardization - -- 
Evaluation of glass radiation dosimeters 
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University. 
Biological dosimetry Baylor University. 
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SUPPLEMENTARY QUESTIONS ON STRONTIUM-90 


1. An RBE of 10 is assumed for bone-seekers. Radium is deposited along 
the epiphyseal line of long bones which accounts for the nonuniform distribution. 
The biological half-life of radium 226 is 45 years, with an effective half-life of 
44 years. 

he radium 226 standard for bone-seekers; i.e., the level for body burden 
of adult man, is 0.1 microcurie. This amount of radium with an RBE of 10 
produces 0.56 rem per week. This is twice the organ dose assumed for isotopes 
other than bone-seekers. 
Whole body or genetic dose = 0.1 rem per week. 
Single organ doses 0.3 rem per week. 
Bone-seeker 0.56 rem per week. 
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Analysis of exposed cases has not shown any damage to anyone with less than. 
0.4 microcurie of radium. 

2. The MPD is based on the standard 0.1 microcuries of radium 226. If 
one relates radiation effect to radiation dose in the following manner, 


there is a dosage of a given radiation which will produce a demonstrable effect 
(point X). The present data are insufficient to extrapolate from this point 
back toward zero, therefore any established standard presents a departure from 
the concept of increasing hazard with increasing dose. 

3. The radium 226 standard of 0.1 microcurie produces 0.56 rem per week. 
Since 2.0 microcuries of SR® are required to produce 0.56 rem per week, a body 
burden of 1.0 microcurie of Sr® would produce one-half the recommended MPD. 
The body burden of strontium 90 (2.0 microcuries) is compatible with the recom- 
mendations of MPD. 

4. It may be argued that strontium 90 should be switched over to a MPD— 
based standard since Sr is a beta emitter and is more closely related to a number 
of other isotopes than it is (related) to radium. Further, consideration of the 
“body burden’’ approach is difficult when the heterogeneous distribution within 
the organ system (bone), and the long bone distribution within the body is noted. 

The principal unknowns or uncertainties in the present radium 226 comparison 
method are 

(a) No comparison between RBE’s. 

(b) Differential uptake between children and adults. 

(c) Differencés in mechanisms of uptake and distribution of radium 226 
and other isotopes. 


(d) Radium produces radon which reaches the lungs in seconds (little is 
known about the excretion of radon from the lungs). 

(e) The effects due to differences in distribution within the tissues (bone). 

5. The Sr® body burden was doubled when it was found that it required 2.0 

microcuries instead of 1.0 microcurie of Sr® to penton 0.56 rem per week. The 


organ dose for Sr® was not changed, since 2.0 microcuries of Sr® produce the 
same amount of radiation as the standard, 0.1 microcurie of radium 226. 

6. All isotope levels in NCRP Handbook 69 are expressed in terms of liters of 
water, based on an average water intake for the average man (the average water 
intake for the average man is accepted as 2.2 liters per day, and this figure includes 
the water content of food). No reference is made in Handbook 69 to the calcium 
content (i.e., “sunshine units” are not employed). 

7. Strontium and calcium are in competition as regards bone deposition. With 
alow calcium diet, proportionately more strontium (of any given ingested amount) 
would be deposited in the bone than with a high calcium diet. 

8. No attempt is made to calculate the combined effects of isotopes in drinking 
water. The NCRP states one should consider all the isotopes present in a given 
water sample and prorate the contribution of each isotope present in such a wa 
that the allowable body burden or organ dose from each isotope is not exceeded. 
(This procedure is somewhat different from that employed by the AEC which 
controls the isotope giving the largest contribution, and automatically assumes the 
other isotopes present are controlled.) 

9. If an adult drinks milk having 25 percent MPC of Sr®, it is probably reason- 
able to assume that the bone will be 25 percent of MPBB. On the other hand, 
information presently available indicates that the strontium uptake in children 
exceeds that for adults and that some of this strontium may be replaced by calcium 
after puberty as ossification takes place. A child would, therefore, conceivably 
have a greater strontium level than an adult during a 50-year period. 

10. It is possible that all of the MPL’s may be wrong. Acceptable levels are 
matters of judgment or opinion often influenced by social and/or economic factors. 
The following safety factors are worthy of note, however, particularly when one 
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considers the greater absorption of certain isotopes in children, who are relatively 
more radiosensitive: 

1 microcurie radium—0.56 rem per week 

2 microcuries strontium 90—0.56 rem per week 

0.4 microcurie radium—no damage = 2.24 rem per week 
This is a safety factor of 4. Additionally, the MPBB for single organs other than 


bone-seekers equals 0.3 rem per week. This is a safety factor of 2, which yields 
a total safety factor of 8. 
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CHAPTER 7. STATEMENTS OF OTHER FEDERAL 
AGENCIES 


STATEMENT OF THE INTERSTATE COMMERCE COM- 


MISSION, SUBMITTED BY JOHN H. WINCHELL, CHAIR- 
MAN 


As requested in your letter, dated March 23, a review has been made 
of information previously woe your committee for hearings on 
radiation protection, particularly with reference to Federal-State 
relationships. 

In order to provide a comprehensive background, oriented along 
the lines of topie IT, as suggested, the following condensed but con- 
cise version of earlier material is presented along with current infor- 
mation dealing with Interstate Commerce Commission activities in 
this field : 

RESPONSIBILITIES 


As explained in the March 1959 Joint Committee print (pp. 101- 
107) the Interstate Commerce Commission has the responsibility un- 
der Public Law 772 and part II of the Interstate Commerce Act to 
prescribe rules and regulations for the safe transport of dangerous 
goods, including radioactive materials. 

These rules and regulations provide for safe operating practices on 
the part of rail and highway carriers. 

Normally the functions of the Interstate Commerce Commission are 
regulatory and provide for packaging, marking, describing, and safe 
handling methods for dangerous nae 

The only standards developed or adopted are detailed specifica- 
tions for containers, and practices to be followed in the shipment and 
transport of dangerous goods, all of which are based upon providing 
reasonable safety in accord with the best-known practicable means. 
The processes for adopting these requirements afford the public full 
opportunity to “°C in the rulemaking and have been found 
highly acceptable. While the Interstate Commerce Commission de- 
velops no radiation standards, it does have responsibility, under part 
II of the Interstate Commerce Act; to prescribe reasonable require- 
ments as to safety of operation and equipment of motor carriers in 
interstate and foreign commerce, Therefore, it prescribes regula- 
tions relating to loading and securing of loads on vehicles, In con- 
nection with a recent Atomic Energy Commission proposal to estab- 
lish regulations to prevent accidental criticality in the transportation 
of irradiated fuel elements, the Atome Energy Commission has sug- 
gested that the Interstate Commerce Commission study the develop- 
ment of suitable standards for tiedqwn devices for casks and other 
containers, as far as motor transportation is concerned. 

No scientific research programs, as such, are conducted by the In- 
terstate Commerce Commission in these matters. Instead, it encour- 
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ages the cooperation of interested organizations whose various techni- 
cal committees offer recommendations and develop suitable specifica- 
tions or practices to insure safety during the transport operation. All 
proposals are studied by the Commission staff, and those found de- 
sirable are given wide circulation in order to obtain additional views 
and to determine their acceptability before they are adopted as regu- 
oe The rules for handling during transport are similarly de- 
veloped. 


POLICY, CRITERIA, AND STANDARDS 


The subjects of policy, criteria, and standards are broad, but are 
not directly connected with such as developed by the national or in- 
ternational agencies on radiological protection. 

Instead, provision is made in the lateninhs Commerce Commission 
regulations to exempt small quantities of radioactive material, 
i.e., not 0,1 millicuries, when packed as specified in the regulations, 
which also provide for shipments up to 2.7 curies. Shipments over 
2.7 curies are authorized only under satisfactory special arrange- 
ments. The plan is to limit, to safe quantity, the amounts of radio- 
active materials in a package or conveyance to avoid exposure of car- 
riers’ employees or the public to harmful radiation. 


RADIATION EXPOSURE STANDARDS 


The continued jncrease in the transport of radioactive materials, 
including wastes and fuels, may eventually require carriers’ em- 
ployees, who will be regularly exposed to radiation, to be brought 
within the occupational brackets. This will require monitoring and 


recording their exposure and the recommendations of both national 
or international health authorities will be studied in this respect. 
Presently, such employees are in the same category as the general pub- 
lic, and consequently the health authorities should be encouraged to 
study the transport problem so that safe limits of exposure can be 
determined. The problem of criticality, or reaction, due to accidents 
or carelessness during transport of near-critical materials, is being 
studied to provide safe beuline, but individual shippers of such ma- 
terials should also be cautioned to consider the possibility of transport 
accidents or mistakes so that their shipping methods will be such that 
serious accidents, due to reaction between critical materials, cannot 
occur during transport. 
PUBLIC RELATIONS 


Public relations problems generally arise when reasonable care is 
not provided. Our only direct experience with public reaction is: 

In December 1959, the California Industrial Health Commission 
found that radium waste shipped by truck from a point in Pennsyl- 
vania to Oakland, Calif., for disposal, had been shipped in nonspeci- 
fication drums. This material is not within the jurisdiction of the 
Atomic Energy Commission; but is subject. to those regulations of the 
Interstate Commerce Commission relating to radioactive materials. 
Public notice relating to this experience appeared in newspapers in 
Washington, D.C., as a result of testimony before a congressional com- 
mittee. This Commission previously had investigated the matter, and 
had found that the shipper had used a number of substandard con- 
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tainers. Both the shipper and the motor carriers handling the ship- 
ments were prosecuted in Federal court with respect to Commission 
regulations which they had violated. 

It can be foreseen that when used reactor fuels dre reshipped for 
processing or other uses, that there will also be created an increase 
of radioactive waste materials involving movement to disposal areas 
which will present new hazards or greater risks than now being ex- 
perienced ; however they may not cause undue public reaction if ade- 
quate precautions are taken. 

There seems no reason for this Commission to provide the public 
with special education concerning the hazards of radioactivity. No 
such special efforts are made with respect to other dangerous goods 
or practices except as normal publicity of laws, regulations or news 
reports provide. 

LEGISLATIVE 


Legislation recommended by the Interstate Commerce Commission 
was enacted by the Senate (S. 1806) in August 1959. This measure is 
now pending before the Judiciary Committee of the House. One of 
its purposes is to clarify the responsibility of the Interstate Commerce 
Commission with respect to radioactive materials. It would be ad- 
vantageous if this measure were enacted in the present session. In 
the field of transportation strides are being made to develop a com- 
plete set of regulations for worldwide application to all modes of 
transport and all shippers. Since our report of last year, a repre- 
sentative of the Commission attended additional sessions of the Inter- 
national Atomic Energy Agency to assist in the drafting of such 
rules. Comments from several countries as well as interested groups 
in this country to the first draft of these proposed regulations were 
carefully considered, and will doubtless be proposed for adoption. 
Most of the proposed requirements appear to have acceptable value, 
and may furnish the basis for uniform practices at least in transport 
channels. These proposals will be studied so that our national regula- 
tions can be enhanced and made more useful in promoting safe 
methods for making and handling shipments. 

Should you or your committee desire more detailed information 
concerning these or related subjects, this can be supplied. 








STATEMENT OF THE U.S. COAST GUARD 


Sratrus Report oN RapiaTion Prorecrion CRITERIA AND STANDARDS; 
Tuer Basis ann UsE 


1, RESPONSIBILITIES 


Coast Guard responsibilities in the field of radiation protection 
devolve from broader statutory obligations making the Coast Guard 
the primary agency responsible for the safety of life and property at 
sea, 

Title 14 of the United States Code entitled “Coast Guard” requires 
that the Coast Guard shall— 


enforce or assist in enforcement of all applicable Federal Laws upon the high 
seas and waters subject to the jurisdiction of the United States; shall administer 
laws and promulgate and enforce regulations for the promotion of safety of 
life and property on the high seas and waters subject to the jurisdiction of the 
United States covering all matters not specifically delegated by law to some 
other executive department * * *. 


Section 88(b) provides that— 


The Coast Guard may render aid to persons and protect and save property at 
any time and at any place at which Coast Guard facilities and personnel are 
available and can be effectively utilized. 


Section 89(a) authorizes the Coast Guard to— 


make inquiries, examinations, inspections, searches, seizures, and arrests upon 
the high seas and waters over which the United States has jurisdiction for the 


prevention, detection and suppression of violations of laws of the United 
States. 


Section 141(a) authorizes the Coast Guard to— 


utilize its personnel and facilities to assist any Federal agency, State, Territory, 
possession, or political subdivision thereof, or the District of Columbia, to per- 
form any activity for which such personnel and facilities are especially qual- 


ified. 

Under authority of 46 U.S.C. 170, the Coast Guard promulgates 
and administers the dnngdtonst cargo regulations. Section 170 pro- 
vides for the safe carriage of explosives « or other dangerous or semi- 
dangerous articles or substances aboard vessels, and makes more ef- 
fective the provisions of chapter VI of the International Convention 
for Safety of Life at Sea, 1948, relating to the carriage of dangerous 
goods. Radioactive materials are not specifically provided for in 
the basic authority, but are regulated | under the broad authority as 
a special category of “Dangerous cargo.’ 

The Coast Guard has additional responsibilities in regulating radia- 
tion hazards under the port security program. The provisions of 
Executive Order 10173, as amended (August 9, 1950) impose on the 
Commandant the responsibility for establishing regulations relating 
to the safeguarding of vessels, harbors, ports and waterfront facilities 
of the United States. The general provisions of this order (subparts 
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6.12 and 6.14) give the Commandant broad powers to supervise and 
control the transportation, handling, loading, discharging, stowage, 
or storage of all dangerous cargo on a waterfront facility. 

The responsibility for administration of the laws a regulations 
regarding navigation and vessel inspection is another function of the 
Coast Guard. This requires the development of rules and regulations 
governing the inspection, construction and alteration of merchant 
vessels, and other related matters connected with merchant marine 
safety. Tliese responsibilities apply to nuclear as well as convention- 
ally powered merchant vessels. Marine inspection rules and regula- 
tions, promulgated under the authority of 46 U.S.C. 375, are con- 
tained in chapter 1 of title 46 Code of Federal Regulations. The basic 
statutes relating to the inspection of vessels for the purpose of promo- 
ting marine safety are found in 46 United States Code 391, 391a, 392 
and 404. ‘These statutes established requirements in scope, frequency 
and application of inspection of vessels and their appurtenances. 

Executive Order 9781 (September 19, 1946) brought into being the 
Air Coordinating Committee which authored the National Search and 
Rescue plan. This plan charges the Coast Guard with major respon- 
sibility for coordinating distress cases in the maritime regions. 
Radiological contamination in a nuclear incident at sea presents an 
additional hazard to be considered in the successful completion of a 
search and rescue incident. 


(a) Operational responsibilities 

1. Dangerous cargo—The Coast Guard has promulgated regula- 
tions governing the safe transportation of radioactive materials which 
are published in title 46 Code of Federal Regulations and are sum- 
marized under item 1(6) 1 of this report. These regulations are 
largely self-enforcing except that Coast Guard captains of the port 
make routine spot checks of radioactive containers to insure that safe 
radiation levels at the surface and at one meter from the surface of 
the container are not exceeded. The monitoring instruments used are 
of the survey type and are standard Navy issue, Captains of the 
port in many municipalities (e.g. New York City) have been requested 
by the local port authorities to check every radioactive shipment arriv- 
ing ata pier. Occasionally containers are found which do exceed the 
limits authorized by regulation. Such containers are not allowed to 
be loaded aboard a vessel until proper packaging has reduced the 
radiation levels to safe limits. Containers are also checked for proper 
labeling, marking, container integrity and certification. Shipments 
of highly radioactive materials such as irradiated fuel elements are 
made only through special arrangements authorized by the Com- 
mandant and under close supervision by the cognizant captain of the 
port. 

2. Port security—Storage of radioactive materials at a waterfront 
facility comes under regulations established through the implementa- 
tion of Executive Order 10173. These regulations are cited under 
item 1(6) 2 of this report and require that radioactive materials in 
amounts greater than those stipulated in 46 CFR 146.25-30 shall not 
be handled, stored, stowed, loaded, discharged or transported on or 
over a waterfront facility without notifying the cognizant captain of 
the port. Also, all dangerous articles and substances including radio- 
active materials stored on the waterfront facility shall be packaged, 
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marked and labeled in accordance with 46 CFR, part 146. Again, 
these regulations are for the most part self-regulating and Coast Guard 
supervision is on a spot check or “on request” basis. 

3. Nuclear warfare defense.—As a military service, the Coast Guard 
is required to meet certain readiness requirements relating to nuclear 
defense. The requirements are established by the Department of 
Defense and implementation is accomplished by cooperation with the 
Department of Navy. All operational Coast Guard units are required 
to conduct training and develop a nuclear warfare defense capability 
as determined by emergency operating plans and disaster control 
plans. 

4. Nuclear incident assistance.—With specific reference to assistance, 
14 U.S. Code 88 states that the Coast Guard may render aid to per- 
sons and protect and save property at any time at any place at which 
Coast Guard facilities and personnel are available se can be effec- 
tively utilized. The military nuclear warfare defense, disaster control 
program, dangerous cargo regulation, port security program in sup- 
port of the Espionage Act, and merchant vessel inspection duties re- 
quire personnel and facilities to possess capability in equipment and 
training which is also appropriate for use in nuclear incident assistance 
operations. 

By statute, Executive order, and agreement, the Coast Guard has 
been established as the Federal agency with primary responsibility for 
rendering and coordinating emergency assistance in the maritime re- 
gion, except in those operations controlled by Department of Defense 
military services. In the latter situation, the Coast Guard assists as a 
matter of standard practice when facilities are available. Radiologi- 
cal contamination is treated as one of the elements to be considered in 
the emergency assistance operation. 

Nuclear incidents in the maritime region may possibly arise during 
the following activities: accidents to military craft carrying nuclear 
weapons, accidents to nuclear propelled ships, accidents involvin 
radioactive cargo aboard ship and at waterfront facilities, an 
incidents arising from waste disposal. 

5. Waste disposal—The Coast Guard has cooperated with other 
Government agencies in the disposal of radioactive wastes for many 
years. This cooperation has for the most part consisted in making 
vessels available to transport waste materials out to sea for the Na- 
tional Institutes of Health. Commercial firms engaged in the disposal 
of radioactive wastes are subject to Coast Guard regulations under 
both the Dangerous Cargo Act and the provisions of Executive Order 
10173, as amended. Waste that is being accumulated at a waterfront 
facility must not exceed radiation levels set forth in section 126.27 of 
title 33, Code of Federal Regulations. During transit to the dump- 
ing site the waste containers must reduce external radiation intensi- 
ties to the safe levels prescribed by 46 CFR 146.25-30, A bill (H.R. 
8584) is now pending which proposes greater Coast Guard responsi- 
bilities in the regulation of waste disposal operations. 


(6) Regulatory 

1. Dangerous cargo.—Pursuant to Revised Statute (46 U.S.C. 170), 
as amended, the dangerous cargo regulations parallel the ICC Regu- 
lations 49, CFR parts 71-78, insofar as they apply to shippers’ re- 
quirements. The regulations of the Coast Guard include provisions 
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for shipment of radioactive materials as class D poisons (46 CFR 
ene 146.25). The following.sections of this subpart are pertinent 
to shippers’ requirements: 

146.25-20 Radioactive materials, class D poison.—This section de- 
fines groups I, II, and III radioactive materials. (See 73.391—ICC 
regulations. ) 

146.25-25 Exemptions for radioactive materials —This section pro- 
vides for certain exemptions to special types of radioactive materials 
because of the limited hazard due to small amounts of radioactivity 
which might be present. These exemptions include specification pack- 
ing and labeling requirements. (See 73.392—ICC regulations. ) 

146.25-30 Packing and shielding of radioactive materials.—(a) Re- 
quires that special arrangements and approval by Commandant of the 
Coast Guard be obtained for shipments in one outside container of 
radioactivity in excess of the following amounts: 

(1) 2,000 millicuries of radium, polonium or other members 
of the radium family of elements and not more than 2,700 milli- 
curies (disintegration rate of 100,000 million (10%) atoms per 
second) of any other radioactive substance. (See 73.391—ICC 
regulations. ) 

(2) 300 curies of solid cesium 137, cobalt 60, gold 198 or iridium 
192. (See 73.391—ICC regulations. ) 

(5) Requires that radioactive materials that present special haz- 
ards due to their tendency to remain fixed in the human body for long 
periods of time (i.e. radium, plutonium, radioactive strontium, etc.) 
must be packed in ICC specification 2R inside metal containers, or 
other containers approved by the Bureau of Explosives and authorized 
bythe Commandant. (See 73.393—ICC regulations. ) 

(ec) Requires that radioactive materials be so packed and shielded 
that the degree of fogging of undeveloped film (24 hours at 15 feet 
from package) will not exceed that produced by 11.5 milliroentgens 
of penetrating gamma rays of radium filtered by one-half inch of 
lead. (See 73.893—ICC regulations. ) 

(d) Requires that the outside packages containing radioactive ma- 
terials be free of radioactive surface contamination. (See 73.393— 
ICC regulations. ) 

(e) Specifies that smallest dimension of container for radioactive 
materials be not less than 4 inches. (See 73.393—ICC regulations.) 

(f) Specifies that shipping containers must be of such design that 
gamma radiation will not exceed 200 milliroentgens per hour or 
equivalent at any point of readily accessible surface. Handles and 
protective devices (cages) may be used to satisfy this requirement. 
(See 73.393—ICC regulations. ) 

(7) Specifies that group I radioactive materials shall be so shielded 
that at any time during transportation the gamma radiation at one 
meter from any point on the radioactive source will not exceed 10 
milliroentgens per hour. The shield must be adequately designed 
and constructed for strength and must prevent escape of any primary 
corpuscular radiation to the exterior of the container. (See P3393. 
ICC regulations. ) 


54561 O—60——_61 











944 RADIATION PROTECTION CRITERIA AND STANDARDS 


(h) Specifies that group II radioactive materials must be packed 
in inside containers and so shielded that radiation is limited to— 

(1) Gamma, 10mr/h/m (milliroentgens per hour at a distance 
of 1 meter). 

(2) Electrically charged corpuscular, physical equivalent of 
10 mr/h/m of gamma radiation (physical equivalent of a roent- 
gen is the amount of radiation that would be absorbed in tissue 
to the extent of approximately 100 ergs per gram). 

(3) Neutron radiation, physical equivalent of 2mr/h/m of 
gamma radiation. 

(4) If more than one of above types is present, the radiation 
of each type must be reduced by shielding so that the total does 
not exceed the equivalent of subparagraphs 1, 2, and 3. (See 
73.393—ICC regulations. ) 

(i) Specifies inside packaging for liquid radioactive materials 
groups I, II, or III. Unless packaged in Spee. ICC-2R metal con- 
tainers, the inside container must be surrounded on all sides by an 
absorbent material sufficient to absorb the entire liquid contents and 
of such nature that its efficiency will not be impaired by chemical re- 
action with the contents. The absorbent cushioning material must 
be placed within the shield. (See 73.393—ICC regulations. ) 

(j) Specifies that group III radioactive materials, liquid, solid, 
or gaseous, must be packed in suitable inside containers completely 
wrapped and/or shielded with such material as will prevent the escape 
of primary corpuscular radiation to the exterior of the shipping con- 
tainer, and secondary radiation at the surface of the container must 
not exceed 10 mr per 24 hours, at any time during transportation. 
(See 73.393—ICC regulations. ) 

146.25-400 Table of classifications; class D ; radioactive materials. 
This table specifies the required labels, shipping containers, and proper 
shipping name for the radioactive materials provided for in the de- 
tailed regulations described above. This information is a summary 
in table form of the shippers’ requirements of 73.391, 73.392, 73.393, 
and 783.394 of the ICC regulations. 

Also, included in the table are the stowage locations required on 
the different type vessels. 

Radioactive materials shipments by water must meet requirements 
in addition to those imposed upon the shipper. These include the 
general conditions for all explosives or other dangerous articles (ship- 
ping papers, certification, etc.) and the following vessel requirements: 

146.25-35 Stowage and handling on board vessels. This section 
requires compliance with stowage locations specified in 146.25-400; 
requires that the shipper furnish the carrier information and equip- 
ment necessary for the protection of the carrier’s employees, steve- 
dores, or other persons engaged in the handling of such cargo. It 
limits exposure of any individual to a total of not more than 300 mil- 
liroentgens of gamma radiation or equivalent in any 7-day period. 
The section also provides that radioactive materials groups I, II, or 
III shall not be stowed in any hold or compartment or deck space so 
that the total gamma radiation or oquivitont in any space or area 


continuously occupied by passengers, crew, or shipments of animals 
will exceed 40 milliroentgens in 24 hours at any time during transpor- 
tation. Not more than 40 units (one unit equals 1 miliroentgen per 
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hour at a distance of 1 meter for hard gamma radiation) or radioac- 
tive materials groups I and II (red label) shall be stowed together 
in any area or place. A distance of 60 feet must separate increments 
of not more than 40 units each. 

146.25-45 Stowage of poisonous articles with explosives and other 
dangerous articles. This section requires radioactive cargo: 

(a) Shall be stowed in accordance with the provisions apply- 
ing to the particular character of the vessel as shown in sections 
146.25-100, 146.25-400, inclusive. 

(6) Shall not be stowed in the same hold or compartment with 
class A, B, or C explosives, inflammable liquids, inflammable 
solids, or cotton. 

-(c) Shall not be stowed adjacent to or under containers of 
corrosive liquids. 

(d@) Shall not be stowed in the same hold or compartment over 
cylinders of noninflammable compressed gases. 

(e) Shall be stowed well away from living quarters, refrig- 
erated cargo, and foodstuffs not packed in hermetically sealed 
containers. 

146.25-50 Care following leakage or sifting of poisonous articles. 
This section requires that holds or compartments used for carriage of 
radioactive ores (low activity) be thoroughly cleaned before being 
used for stowage of other cargo. It further provides that, if other 
radioactivity is released from containers during transportation or is 
found after discharge, the area must be isolated from human contact 
until qualified personnel are present to effect decontamination. An 
immediate report of such incidents must be made to the Coast. Guard 
district commander or authorized representative at the port where 
vessel is located or bound. The holds or areas so contaminated must 
not be used again until decontaminated by qualified personnel. 

A shipper must obtain authority from the commandant for ship- 
ment in one outside container of over— 

(1) Two thousand millicuries of radium, polonium, or other 
members of the radium family of elements. 

(2) Two thousand and seven hundred millicuries (disintegra- 
tion rate of 100,000 million 10") atoms per second of any other 
radioactive substance. 

(3) Three hundred curies of solid cesium 137, cobalt. 60, gold 
198, or iridium 192, 

_ There requirements of section 146.25-30 are based upon ICC regula- 
tions sections 73,391 (b) and (c) inasmuch as shipments by water are 
usually preceded by some form of land transportation (rail freight, 
rail express, or highway). The Interstate Commerce Commission 
requirement (73.391 (b), (c)) expressly provides that the special 
arrangements and conditions for exceeding these amounts must be 
made by the Bureau of Explosives, Association of American Rail- 
roads, a nongovernmental agency. The Bureau of Explosives issues 
blocks of numbers for permits to the Atomic Energy Commission for 
that Commission's use and for the use of its contractors. The Atomic 
Energy Commission in turn advises the facilities under its control 
that Coast Guard authorization is necessary before radioactivity in 
excess of those amounts specified may be shipped by water. Coast 
Guard cooperation with the Interstate Commerce Commission is based 
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on the mandatory language of 46 U.S.C. 170, as amended, as well 
xs the practical necessity of making land and water transportation 
regulations as parellel as practicable. This has been true since the 
dangerous-cargo regulations were promulgated in 1941 for those 
classes of dangerous materials considered in the original regulations 
and additionally for class D poisons, since 1948 when radioactive 
materials were brought under regulation. Special permits for ship- 
ment of other classes of dangerous cargo in containers or in amounts 
not provided for in the regulations are issued directly by the Inter- 
state Commerce Commission upon recommendation of the Bureau of 
Explosives. The Interstate Commerce Commission furnishes the 
Coast Guard with a copy of the permit which is in turn used as a 
basis for the Coast Guard permit. This is a procedure that has proved 
efficient and workable. Conversely, the Coast Guard furnishes the 
Interstate Commerce Commission with copies of all permits issued 
under authority of the dangerous-cargo regulations. 

Since 1948, the Coast Guard has consulted with the Atomic Energy 
Commission on matters where information or guidance was required 
in the technical aspects of the atomic energy program. At the pres- 
ent time, the Coast Guard is participating in the meetings and dis- 
cussions sponsored by the Atomic Energy Commission regarding the 
radiological assistance program and the Committee on Transporta- 
tion of Radological Materials. It is felt that the transportation com- 
mittee holds great promise for developing container design, standards 
for permissive limits of radioactivity, and in particular, a philosophy 
for shipment of spent fuel elements, which is now the most pressing 
problem confronting transportation regulatory agencies. 

2. Port security—The provisions of Executive Order 10173, as 
amended (August 9, 1950), imposed upon the commandant the re- 
sponsibility for establishing regulations relating to the safeguarding 
of vessels, harbors, ports, and waterfront facilities of the United 
States. The general provisions of this order (in particular subparts 
6.12 and 6.14) give the commandant broad powers to supervise and 
control the transportation, handling, loading, discharging, stowage, 
or storage of all dangerous cargo on a waterfront facility. Section 
6.04-11 also provides that the captain of the port may enlist the aid 
and cooperation of Federal, State, county, and municipal, and private 
agencies to assist in the enforcement of regulations issued pursuant 
tothe order. 

Section 126.27 of part 126, title 33, Code of Federal Regulations 
contains a requirement that dangerous cargo in specified amounts 
shall not be handled, stored, stowed, loaded, discharged, or trans- 
ported on or over waterfront facilities without notification to the cap- 
tain of the port. Under this section radioactive materials, class D 
poisons, in amounts requiring special authorization of the com- 
mandant shall not be present on a waterfront facility without notifica- 
tion to the Coast Guard captain of the port. The captains of the port 
work closely with municipal governments in control and inspection of 
dangerous cargo moving over waterfront facilities. The policy is 
that local ordinances are used as criteria in determining permissibility 
of shipments if such ordinances are not contrary to any Federal regu- 
lations. However, in cases where the local ordinances are less restri¢- 
tive than the Federal regulations, or where the captain of the port 











RADIATION PROTECTION CRITERIA AND STANDARDS 947 


determines that the presence of the dangerous cargo endangers the 
facility, vessel, or harbor area, that officer may prevent such trans- 
action under his broad powers, granted by Executive Order 10173. 

3. Merchant marine safety —At the present time, the marine statutes 

and applicable regulations which implement them cover in a broad 
sense all the aspects of merchant ship design, arrangement, and con- 
struction, as well as necessary operation and manning requirements 
which have a bearing on safety. In 1955, the possibilities of nuclear 
powered merchant vessels were considered and it became apparent 
that changes in existing standards, promulgated primarily for con- 
ventional powerplants, would be required. Following past practice 
of developing marine safety standards by close liaison with marine 
industry and related groups, the Coast Genel requested the Atomic 
Energy Panel (M-13) which had been organized under the sponsor- 
ship of the Society of Naval Architects and Marine Engineers to serve 
as an advisory group in matters pertaining to the regulation of nuclear 
powered merchant vessels. One of the major categories considered by 
the panel covered shielding and radiological safety. ‘The M-13 panel 
has completed its assignment with the publication by the Society of 
Naval Architects and Marine Engineers of its Technical and Research 
Bulletin No. 3-6 entitled “Safety Considerations Affecting the Design 
and Installation of Water-Cooled and Water-Moderated Reactors on 
Merchant Ships.” A copy of the M-13 Bulletin is attached herewith 
for incorporation in the records of the committee hearing. The work 
of the panel as published in the T. & R. Bulletin No. 3-6 considered 
2 reactor types and 10 general categories. The recommendations of 
the Panel are intended to supplement, and not to replace any part 
of two areas of safety considerations already established, i.e., the 
overall question of reactor safety as considered by the U.S. Atomic 
Energy Commission through the statutory Advisory Committee on 
Reactor Safeguards and the question of the permissible radiation 
exposure of the crew and whole population as established by the ap- 
plicable AEC licensing regulation. 
_ The recommendations of the Panel under radiological safety are 
intended to provide standards for protection against radiation for 
personnel on board merchant ships and for persons in the vicinity of 
the ship in conformance with the limits for maximum permissible ex- 
posure established by the Atomic Energy Commission and the Na- 
tional Committee on Radiological Protection (NCRP). 

In order to provide a uniform basis for evaluating safety of nuclear 
systems and components on merchant vessels, amendments to the U.S. 

oast Guard Marine engineering regulations are currently being pro- 

d to prescribe standards applicable to nuclear energy. Coast 

uard will be guided by the recommendations of the SNAME M-13 
Panel. The proposed regulations are general in nature and it is in- 
tended at this stage of development of nuclear propelled merchant 
vessels to apply the recommendations of the M-13 Panel pending the 
development of detailed regulations. Additional service experience 
to be gained from the operation of the N.S. Savannah will provide 
further guidance. 

Because it is essential for merchant ships to move freely between 
ports of the world, coordination of various safety requirements of 
port authorities, foreign nations and international waterways is 








948 RADIATION PROTECTION CRITERIA AND STANDARDS 





handled through the medium of international conferences. The U.S. 
nuclear proposals that will come before the next International Con- 
ference on the Safety of Life at Sea (SOLAS), scheduled to be held 
in London May 17 to June 17, 1960, have been prepared by the SOLAS 
Nuclear Power Committee. The U.S. position calls for a change 
in the 1948 SOLAS regulations to bring the nuclear ship within the 
requirements of the convention and to provide the necessary authority 
and agreed procedures for carrying out the normal controls. The 
Conference intends to establish such controls for passenger and cargo 
ships engaged on international voyages. The radiological safety pro- 
posals recommended for incorporation in the SALAS regulations 
refer to the prevailing recommendations of the International Com- 
mission on Radiological Protection (ICRP) for acceptable inter- 
national radiation edleratics levels. 


(c) Development of standards 


The radiation health standards and tolerances now used by the 
Coast Guard are derived for the most part from AEC and NCRP 
criteria and recommendations. However, standards and tolerances for 
personnel engaged in operational functions relating to nuclear defense 
are taken from those promulgated by the Department of Defense. 


(d) Regearch program 


The Qoast Guard has no requirement for a basic research program 
for developing radiological criteria that is not now being met by 
other qualified Government agencies. By serving on committees and 
maintaining close liaison with such agencies as the Public Health 
Service, the Atomic Energy Commission, and the newly created Fed- 
eral Radiation Council, the Coast Guard has availed itself of the com- 
petence of such groups on radiological matters within those special 
areas of Coast Guard concern. The Coast Guard has traditionall 
cooperated with other Federal and State agencies in furthering vari- 
ous maritime and scientific investigations and surveys. The service 
has assisted in the collection of mettorological and oceanographic data 
for the U.S. Weather Bureau and the U.S. Navy Hydrographic Office 
and has conducted radiological surveys for the Atomic Energy Com- 
mission and the U.S. Public Health Service. 


2. POLICY, CRITERIA, AND STANDARDS 


(a) As previously indicated the criteria and standards used in the 
operational areas covered in part 1(a) of this report were derived 
from AEC and NCRP standards and recommendations, except for 
those relating to nuclear defense and these are promulgated by the 
Department of the Navy. 

(b) ) It isthe Coast Guard’s policy to employ the most current. radia- 
tion standards and safety practices recommended by those agencies 
with special competence in this field. The Coast Guard has inaugu- 
rated a modest training program at a post uate level for certain 
officers in basic nuclear engmeering. Such officers are assigned to 
committee work with organizations such as the Atomic Energy Com- 
mission, the Interstate Commerce Commission, the Public Health 
Service, the Maritime Administration, Federal Aviation Agency, and 
the Post Office Department and assist in the development of safe prac- 
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tices and procedures on matters involving radiation hazards. By 
close association with these agencies, the Coast Guard is endeavoring 
to keep abreast of new developments in the field of radiation safety. 
Typical of the committees having Coast Guard representation and 
which deal with radiological and nuclear matters are: 

(1) Subcommittee on the Interdepartmental Committee on In- 
ternal Security. 

(2) Advisory Committee on Internal Security. 

(3) Interagency Committee on Radioactive Materials. 

(4) Nuclear Power Committee (SOLAS). 

(5) Interagency Committee on Radiological Assistance Plan. 

(6) AEC-Coast Guard nuclear training program. 

(7) Atomic Industrial Forum Committee on Transportation 
of Radioactive Materials. 

(8) United Nations Committee on Experts on Transport of 
Dangerous Goods. 

(9) AEV-CG-MARAD-PHS Committee of Experts for Es- 
tablishing Initial Port Operating Procedures for the NS 
Savannah. 

(10) Interagency Committee on Oceanographic Research. 

(11) Interagency Nuclear Ship Liability Committee. 


3. RADIATION EXPOSURE SOURCES 


Those circumstances which require the employment of radiation 
protection criteria or standards have been developed in detail in part 1 
of this report. They include the transportation, storage, stowage, and 
handling of radioactive cargoes board ship and at waterfront facili- 
ties, the design, construction, and regulation of nuclear vessels and 
assistance in the case of nuclear incidents. 


4. PUBLIC RELATIONS 


(a) There are no public relations problems relating to radiation 
standards which directly involve the Coast Guard. However, a pub- 
lic relations problem may arise with the entry of nuclear ships into 
U.S. ports. This problem is one that must be resolved by the spon- 
soring agency prior to the arrival of the nuclear vessels and will 
very likely require discussions between municipal authorities at the 
port of call and representatives of the sponsoring agency. The 
agency’s experts will explain both the safety measures provided for 
and the attendant hazards to the port authorities who will be free to 
call upon the Coast Guard for guidance. The Coast Guard has kept 
abreast of the NS Savannah program since its inception and will 
able to provide competent advice on this matter. 

A similar public relations problem may develop with the return 
of highly radioactive spent fuel elements from abroad. In anticipa- 
tion of this, a conference has already been held with New York port 
authorities under the chairmanship of the Atomic Energy Commis- 
sion and with representation by the Coast Guard. The extent of the 
hazards involved and the probability of their occurrence were ex- 
plained so that key municipal personnel would have a feel for the 
risks entailed and would be able to forestall irresponsible and alarm- 
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ing statements made through ignorance or fear by persons unfamiliar 
with the problem. 

This same line of approach may be required in future low activity 
waste disposal operations at sea if the Coast Guard’s role in this 
operation should be augmented by legislation now pending. 

(b) It is the feeling of the Coast Guard that there is an urgent 
need for making information on these matters understandable to the 
public, particularly in the business and labor fields. 


5. LEGISLATION 


The Coast Guard logically should be assigned those functions which 
are extensions of maritime law enforcement and maritime safety 
activities. It is felt that in the general public interest there is a 
need for legislation in the following areas: 

(a) Dangerous cargo—* Radioactive Materials,” as such, should be 
included in permanent legislation dealing with dangerous cargo. At 
present, there is no mention of radioactive materials in the Danger- 
ous Cargo Act (14 U.S.C. 170). In Coast Guard regulations (46 
CFR 146.25) they are classed as poisons, class D. 

(b) Waterfront Hallion. Peconinnt legislation should be pro- 
vided to cover regulatory authority in matters of radiological safety 
at waterfront facilities, including radioactive cargo. Authority to 
regulate now stems from 50 U.S.C. 191-195 and Executive Order 
10173. 

(ec) Movement of vessels —Permanent legislation is reqtired to au- 
thorize regulating the movement of vessels, including nuclear vessels, 
in U.S. ports rather than through 50 U.S.C. 191-195 and Executive 
Order 10173. ' 

(d) Low activity waste disposal at sea,—Legislation should be en- 
acted authorizing the Coast Guard to regulate, monitor, and enforce 
the provisions of a comprehensive Federal waste disposal program 
at sea. 

(e) Merchant marine safety.—The general question of statutory 
responsibility for the inspection of nuclear powered ships is being ex- 
plored. The NS Savannah is clearly subject to inspection by the 
Coast Guard as a “steam vessel,” but there are other possible types of 
reactor systems for which the authority under existing statutes might 
be questioned. Also in the present statutory responsibilities of the 
Coast Guard and the AEC there is some overlapping, but the present 
situation is being adequately resolved thoes’ interagency agree- 


ments. Additional legislation in these two areas is not being sought 
at this time. 
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[Excerpts from Technical and Research Bulletin No. 3-6] 


SAFETY CONSIDERATIONS AFFECTING THE DESIGN 
AND INSTALLATION OF WATER-COOLED AND WATER- 
MODERATED REACTORS ON MERCHANT SHIPS 


(Prepared by the Society of Naval Architects and Marine Engineers 
Ships’ Machinery Committee, Atomic Energy Panel) 


FOREWORD 


The Atomic Energy Panel, M—13, was organized in 1955 under the 
sponsorship of the Ships Machinery Committee of the Society of 
Naval Architects and Marine Engineers to collect such information 
regarding nuclear power as would be of interest to the members of the 
Society and to consider the impact of the application of nuclear 
power to merchant ships. Later that year the Coast Guard, recog- 
nizing the need for considerable study of the problems involved, and 
the desirability of industry participation in such a study, requested the 
Society to authorize its Atomic Energy Panel to act in an advisory 
capacity to the Coast Guard in the development of recommendations 
for the safe application of nuclear power to merchant ships. 

The Society agreed to this request and expanded the Panel to include 
members who are knowledgeable in design, application, construction 
and operation of nuclear reactors as well as representatives of ship 
designers, builders, and operators. Since that time the Panel has 
devoted its attention primarily to the preparation of this document. 

The basic difference in the safety problem between a nuclear 
powered ship and a conventionally powered one is that provision 
must be made to control, under all foreseeable circumstances, the radio- 
activity which results from the fission process. 

Sufficient experience is now available to show that a serious nuclear 
accident will not happen if the design is adequate, the equipment is 
sound and proper operating procedures are followed. In addition, 
it is only through intensive design effort that a “bomb reaction” can 
be obtained, thus relegating the maximum energy relase to the order 
of that of a small chemical explosion. Significantly, for the reactor 
types under consideration, this energy yield and associated fissionable 
material can be contained by suitable closures to prevent the uncon- 
trolled release of radioactive material. The type of fuel used, the 
fuel cladding, the primary coolant system, the containment system and 
the ship’s hull are examples of the extensive safety back-up against 
the loss of radioactive material. 

As a practical matter it has been considered that until more actual 
experience has been obtained, nuclear reactors will be installed in 
merchant ships of fairly large size only. Consideration has been 
xiven to the results of past marine casualties involving similar size 
ships and the recommendations have been made with the intent of 
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preventing the dangerous uncontrolled release of fission products in 
the event of such casualties. 

In particular, the work of the Panel has consisted of consideration 
of only two reactor types and ten general categories, as is indicated in 
the title and shown in the table of contents. In these areas, the Panel 
has attempted to consider questions such as containment, waste dis- 
posal, and ship operation on as realistic a basis as is now possible 
considering the present lack of actual operating experience, so that 
the nuclear propelled ship will be reliable and safe. It is of particular 
importance to understand that these recommendations are intended to 
supplement, and not to replace any part of two areas of safety con- 
siderations already established, i.e. the overall question of reactor 
safety as considered by the United States Atomic Energy Commission 
through the Advisory Committee on Reactor Safeguards under the 
Atomic Energy Act of 1954 and the question of permissible radiation 
exposure for crew and whole population as established by applicable 
AEC licensing regulations. In addition, it is recommended that the 
nuclear ship meet the highest safety standards represented by the 
normal requirements of the U.S. Coast. Guard and the American 
ieres of Shipping with regard to the non-nuclear features of the 

esign. 

The work of the Panel may be summarized by the following tenta- 
tive conclusions : 

1. Water-cooled and water-moderated reactors can provide safe, 
reliable propulsive power without imposing new operational re- 
strictions on the ship as compared to conventionally powered ships 
except for the special provisions during refueling and radioactive 
waste disposal. 

2. Rules, regulations and inspection should ultimately be estab- 
lished to insure that a nuclear powered ship meets or exceeds the 
minimum requirements as regards safety and equipment, in a 
manner similar to that imposed for certification of conventional 
ships. 

3. The following sections are intended to provide a guide for 
such rules and regulations which may be used during the interim 
period preceding accumulation of actual operating experience of 
nuclear powered ships. ' 

* * * * * 


2. SHIELDING AND RADIOLOGICAL SAFETY 


2.1 Scope and Definitions 


2.1.1 This section on shielding and radiological safety is intended 
to provide standards for protection against ionizing radiation for per- 
sonnel on board merchant ships and for persons in the vicinity of the 
ship, in conformance with the limits for maximum permissible ex- 
posure established by the Atomic Energy Commission. 

2.1.2 It is the intent to provide standards for protection by means 
of shielding and/or control of personnel access so that (1) passengers 
and shore personnel would not be exposed to radiation exceeding the 
maximum permissible dose for persons in the vicinity of controlled 
areas, and (2) the operating and other authorized personnel would not 
be exposed to radiation exceeding the maximum permissible dose for 
occupational conditions in controlled areas. 
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2.1.3 It is the intent to define controlled and uncontrolled areas 
in the vessel and the permissible levels of radiation and control of per- 
sonnel access in such areas. 

2.1.4 For definition of terms used herein, see ASME Standard 110- 
1957. “A Glossary of Terms in Nuclear Science and Technology.” 

2.1.5 Special definitions used herein : 

(a) Normal Functional Operation: All conditions at sea, in 
restricted waters or in dockside operation, where the ship is under 
command of the Master. 

(6) Shipyard Operation: Conditions of ship operation where 
the ship is located at shipyard under cognizance of shipyard per- 
sonnel. 

(c) Uncontrolled Area: All spaces and compartments aboard 
ship or alongside dock external to vessel not specifically restricted 
as to access, occupancy and working conditions are uncontrolled 
areas, and permit unrestricted access during normal functional 
operation. 

(d) Controlled Areas: All spaces and compartments aboard 
ship which require control of access, occupancy and working con- 
ditions for radiological safety purposes are controlled areas. 


22 Basic Radiation Tolerances 


2.2.1 The basic radiation tolerances used herein are in accordance 
with the requirements of the Atomic Energy Commission as follows: 

(2) For maximum permissible exposure to external radiation 
for occupational conditions in controlled areas and for the whole 
population, see Code of Federal Regulations, Title 10, Chapter I, 
Part 20—Standards for Protection Against Radiation, as supple- 
mented by AEC Manual 0524, 1 February 1958. 

(6) In addition to the standards for external radiation, specific 

standards have been established for inhaled or ingested radiation 
for internal emitters. These standards are itemized by individual 
radionuclides in air and water and are included in National Bureau 
of Standards Handbook 52 “Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum Permissible 
Concentration in Air and Water”. in accordance with the changes 
established for external sources of radiation, (See insert to Na- 
tional Bureau of Standards Handbook 59, dated Jan. 8, 1957 and 
AEC Manual 0524), the maximum permissible concentrations of 
radionuclides in air and water should be 14 the values currently 
specified in Handbook 52 for occupational exposure. For persons 
outside of controlled areas, or for the whole population, the maxi- 
mum concentrations should be limited to 4» of those for occupa- 
tional exposures. 

(ce) The values given below are in accordance with the above 
and should be modified to conform with subsequent changes in the 
AEC requirements. 

2.2.2 For occupational exposure, the average permissible accum- 
ulated dose in controlled areas due to external sources of ionizing radia- 
tion should be limited to 5 rems per year over a period of 30 years, and 
the maximum permissible annual increment to not more than 15 rems 
Inany one year. The maximum permissible weekly whole-body dose is 
0.3 rem, provided the above accumulated dose is not exceeded. 
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The maximum yearly accumulated dose of 5 rems shifts the empha- 
sis from exposure of individual to “ene of the population, and 
from weekly or monthly exposure level to exposure accumulated over 
an individual's lifetime. As noted, the limit on occupational radiation 
exposure retains the basic maxima of 0.3 rem/wk., and the allowance 
of 15 rem/yr., but these basic figures are subject to further limitation 
to insure that the dose is not accumulated too rapidly ; persons over 18 
years should not accumulate a total dose in excess of 5 times the number 
of years over 18. Thus the maximum accumulated MPD=5 (N-18) 
rems where N is the age and greater than 18. This applies to all crit- 
ical organs except the skin, for which the MPD value is double. 

2.2.3 For whole population exposure, the maximum permissible 
accumulated dose in uncontrolled areas from all sources of radiation, 
including medical and manmade sources, and background, is limited 
to 14 million rems per million of population over the period from 
conception to age 30, and 14 that amount in each decade thereafter. 
This rule establishes a yearly average permissible dose per capita in 
vicinity of controlled areas of 0.5 rem. The total dose to the whole 
population from manmade radiations should not exceed 0.35 rem per 
year, assuming an average background radiation of 0.15 rem per year. 

2.24 During periods of emergency, radiation doses in excess of 
the above limits may be permitted. In emergencies, a total cumula- 
tive 13 week allowance of 3 rem may be taken in a single exposure. 
When this occurs, the individual should not be permitted to receive 
additional radiation until the 13 week period has elapsed. These 
emergency doses may be used for special high level short-time main- 
tenance work that cannot be avoided. Emergency operation within 
these limits is believed to cause no biological damage. However, all 


unnecessary exposure to radiation should be kept to an absolute 
minimum. 


2.3 Accessibility After Shutdown. 


2.3.1 Safe access should be provided to the reactor plant for the 
purpose of inspection, maintenance and repair. An evaluation of 
the limits of accessibility after reactor shutdown should be provided, 
and will require an investigation of all potentially significant sources 
of radiation which exist at that time. 

2.3.2 Impurities in the reactor coolant may be present in high 
enough concentrations so that their activation restricts accessibility 
for maintenance, even after the reactor is shut down. The induced 
activity of impurities in the water may be the major source of activity 
in the system after reactor shutdown. It may be considered neces- 
sary to remove some of the impurities by a continuous purification 
process to prevent a build-up of long-lived induced activity in the 
system from restricting access to the plant. 

2.3.8 Impurities in reactor coolant will vary with the reactor 
design and method of operation. Accessibility- will depend upon 
leakage of the fission products from the core into the coolant, upon 
activated corrosion products both in the primary coolant and the 
activation of the metal components, and upon the short-lived radio- 
nuclides in the coolant. Since the extent of fission and corrosion 
products will depend upon several aspects of the design, accessibility 
should be evaluated for each reactor design. 
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2.3.4 Neutron induced activity of materials, if a large amount is 
allowed to occur in a system, would severely limit. access for imspec- 
tion, maintenance and repair. The handling and disposal of acti- 
vated materials should comply with existing AEC Regulations on 
disposal of scrap and materials, see Section 3. 

2.3.5 Airborne activity resulting from the activation of small 
particles around the reactor or the release of small amounts of active 
material from the primary coolant system could result in a radio- 
active air particle hazard in the containment or other portions of the 
reactor plant. Air particle monitors either fixed or portable should 
be employed to determine the extent of radioactive particulate con- 
tamination in order to ensure that no hazard éxists, before entry into 
the containment or other unmonitored closed area in or near the 
lant. A check on the amount of air particle contamination should 
be made with an air particle detector and no one should be permitted 
to enter until the level is reduced to safe limits. 

2.3.6 Surface Contamination.—Before permitting access to any 
area in or near the plant, swipes with an absorbent cloth should be 
taken of representative areas to determine the existence of uncon- 
tained radioactive contamination. If such contamination is found, 
it should either be removed by decontamination procedures or the 
oper of the contamination should be prevented by the use of proper 
clothing and procedures. 

24 Shielding. 

2.4.1 The primary function of shielding is to attenuate all ionizing 
radiations resulting from reactor operation to levels which should not 
be hazardous to personnel or equipment. Shielding may be provided 
by ship’s cargo, ship’s stores, structure, reactor and machinery com- 
ponents provided that toxic, explosive or other hazardous materials 
are not produced from effect of radiation on the shield material. 
Shielding may also be used to protect against missiles and to provide 
containment in case of accidents to reactor components. 

aie The following should be considered in the design of the 
shield : 

(a) The power level at which the reactor will operate for var- 
ious periods of time. Radiation dosage may be integrated or 
averaged over the expected normal voyage. 

(6) Margin to permit operation and maintenance of the reac- 
tor system considering limited fission product contamination of 
the coolant loop. - 

(c) Normal operation of the ship with minor system leaks. 
Some emergency type of operation would be desirable even after 
major failures. 

2.4.3 The reactor shield should reduce residual radiation from the 
core to levels allowing accessibility at a reasonable time after shut- 
down to the region between the coolant and reactor shields. 

2.4.4 The reactor shield should attenuate the neutron flux from the 
reactor sufficiently to prevent the build-up of induced activity in 
structure and equipment to levels that would prevent the prescribed 
dace aG The shield should also prevent excessive streaming of 
radiation through shield penetrations. 
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2.4.5 The shielding materials should be selected so that their prop- 
erties over long usage will not be damaged by radiation, normal op- 
erating temperature, vibration or marine atmosphere. 


2.5 Radiological Safety—General 


2.5.1 The philosophy of radiological safety on board ship is based 
on limiting allowable radiation levels in normal passenger and crew 
areas to the maximum permissible dose prescribed in Subpart. 2.2, 
maintaining a continuous log of time in certain controlled areas and 
monitoring both personnel and radiation level in controlled areas. 
The shielding should be designed to allow full time residence in all 
accommodations and spaces normally occupied by passengers and op- 
erating personnel. ; 

2.5.2 It should be the responsibility of the Master to see that radio- 
logical safety rules are maintained by enforcing strict compliance with 
allowable access times in controlled areas and operating procedures 
that will prevent the uncontrolled spread of radioactivity to uncon- 
trolled areas, and otherwise insure that approved methods of person- 
nel control and radiation monitoring are continuously applied. Ex- 
tended access may be authorized to the controlled areas in the case 
of accident or repair vital to the safety of the ship, crew, passengers, 
or environment. 

2.5.3 The regulations established for radiological safety for ships 
should apply at all times for normal functional operation and shipyard 
operation, and to radiological safety for normal reactor inspection, 
maintenance and repair such as (1) refueling, (2) power plant inspec- 
tion, maintenance and repair in controlled areas, (3) hull repairs and 
inspections in the vicinity of the reactor compartment. 

2.6 Radiological Safety—Normal Functional Operation 

2.6.1 Uncontrolled areas during normal functional operations have, 
by definition, unlimited accessibility and no time restrictions, The 
dose that could be received in these areas should be limited to the maxi- 
mum permissible accumulated dose for the whole population, i.e. 0.5 
rems per year based on 52 weeks continuous access nik the propulsion 
plant operating at the average power level. 

2.6.2 Controlled areas during normal functional operation require, 
by definition, control of access, occupancy, or working conditions. Ac- 
cess should be limited to personnel under continuous radiological sur- 
vey and the accumulated dose should not exceed the limits for occupa- 
tional exposure given in paragraph 2.2.2. Dose and access times should 
be under control of the responsible officer. Access to all controlled 
areas should require possession of film badges or equivalent and per- 
sonnel accounting should be accomplished through log or punched 
time card. Controlled areas should be provided with conspicuous 
signs specifying allowable accessibility onde propriate radiation sym- 
bols. Controlled areas should be Siar in conformance with the 
degree of accessibility as follows: 

(a) Unlimited access areas with no time restrictions for op- 
erating and maintenance and repair personnel are areas where 
the average dose would be limited to the maximum permissible 
accumulated dose for occupational exposure, i.e. 5 rems per year 
based on 52 weeks continuous access with the propulsion plant 
operating at average power level. 
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(6) Limited access areas should have positive control and be- 
come accessible only by special permission of the responsible 
officer. 

(c) Closed areas should not be accessible and should be locked 
or sealed. After radiation levels have been determined at the 
point of occupancy, the length of time of exposure should be 
regulated by the responsible officer in conformance with the maxi- 
mum permissible exposure limits. 

2.6.3 Temporarily controlled areas of lower accessibility may be 
designated by the responsible officer, if required for special operations 
such as discharging radioactive wastes, entry to normally inaccessible 
areas at sea, and opening systems which contain radioactive material. 
2.7 Radiological Safety—Shipyard Operations 

2.7.1 During shipyard operation, the various ship’s areas should 
be the same as given in article 2.6, redesignated when and where 
necessary in accordance with the radiation levels. For nonroutine 
inspection, maintenance, and repair, redesignations should be made 
as required. 

2.7.2 The designated shipyard radiological health officer should be 
responsible for determining radiation levels throughout the ship, and 
for designation of controlled areas. The conduct, control, and safety 
of all personnel having access to the ship should be the responsibility 
of the shipyard. Any operations performed by the ship’s comple- 
ment while in tlie shipyard should be under the jurisdiction of the 
shipyard’s radiological health officer, 

2.7.3 For shipyard repair operation, radiological safety procedures 
should be in effect. at any time when closed areas are opened or repairs 
being made to equipment where radiation levels are above those speci- 
fied for normal functional operations. 

2.7.4 Personnel control in controlled areas and observing of radio- 
logical safety standards should be the responsibility of the cognizant 
—— personnel. Personnel should required to wear film 
badges and dosimeters, or equivalent, and appropriate protective 


equipment when in a controlled area, and be logged in and out of the 
area, 


2.8 Radiological Safety—Monitoring and Personnel Records 


2.8.1 Fixed monitoring networks and portable monitoring instru- 
ments should be provided as required to adequately monitor radiation 
levels aboard ship. Radiation instruments should be provided for the 
safe control of the reactor. 

2.8.2 Adequate film badges and dosimeters or equivalent should 
be worn by crew members in controlled areas in accordance with regu- 
me of the Atomic Energy Commission and/or other regulatory 

dies. 

2.8.3 A permanent log of radiation exposure time and/or accumu- 
lated dose should be kept for each crew member in accordance with 
regulations of the Atomic Energy Commission and/or other regula- 
tory bodies. 

2.9 Radiological Safety—Procedures and Restrictions 


_ 2.9.1 Safety procedures should be established for each nuclear ship 
in order to minimize the spread of contamination and the exposure 
of personnel to high radiation levels. 
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2.9.2 Officers and crew members should be assigned definite duties 
and enpenernsiinies in the event of accidental release of radioactive 
material, 

2.9.3 Special safety equipment such as masks, clothing, etc., should 
be available aboard the ship for operating personnel. 

2.9.4 Decontamination equipment should be installed on the ship 
for use of operating personnel. 

2.9.5 Fire prevention and fire fighting techniques and other cas- 
ualty control procedures should be reviewed considering the reactor 
system. 

2.9.6 The effect of casualties resulting in changes or derangements 
of the reactor, or spreading of coolant or fission products throughout 
the containment should be considered in the design of the ship, con- 
tainment, and shielding. 

2.9.7 Certain cargoes should not be stored in radiation fields when 
they may be damaged or become activated to such an extent as to be 
hazardous to personnel. This should not preclude the safe use of cer- 
tain cargoes for shielding. 


3. RADIOACTIVE WASTE DISPOSAL 


3.1 Definition and Scope 


8.1.1 Radioactive wastes are materials of process which are of no 
further use to the process and which contain radioisotopes. 

3.1.2 It is the intent to consider the handling, dispersion or stor- 
age of radioactive wastes other than spent fuel elements and to estab- 
lish minimum requirements for protection of ship’s personnel and/or 
the whole population from dangerous effects of the radiation. 

3.2. General 
3.2.1 Radioactive wastes include liquids, solids, and gases. 
Examples of liquid wastes are: 
Contaminated reactor coolant. 
Purification plant effluent. 
Contaminated secondary coolant. 
Contaminated sampling wastes. 


Water used for washing contaminated areas or equipment. 
Examples of solid wastes are: 

Equipment which has become contaminated. 

Equipment which has become radioactive. 

Contaminated dirt, chips or other small particles. 
Examples of gaseous wastes are: 


Non-condensable radioactive gases from primary coolant 


system. : : 
Air containing radioactive dust or particles or radioactive 
gases. 


3.2.2 The purpose of a radioactive waste disposal system is to col- 
lect, audit, confine and dispose of the waste material in a manner 
that prevents the contamination of any area outside of the con- 
trolled system. Systems and procedures for the transfer, collection, 
storage or disposal of radioactive material should be subject to hazard 
evaluation. 

3.2.3 The activity level and volume of wastes vary over wide 
ranges, so that the specific methods of disposing of wastes may vary. 
The following precautions should be considered typical : 


NP TELE! ARE TOTTI: 


RET IE LE EM: 


r EPPA MP UGE a LOE IOS, 


= AR STR 


et MBL 


SOE TERT 


RRR OTE OTOL SBE I 






PRR «SRR aR 


RETR 3 = 


SEE MARIETTA ARE 


SNPS AON 


a eR EREDAR 


PORN PNR PETS ape 


+ RRR RERSR ERTS IS TIRE 








RADIATION PROTECTION CRITERIA AND STANDARDS 959 


(a) Contaminated equipment should be suitably enclosed to 
prevent the loss of radioactive material during transit. 

(6) Uncontrolled leakage from pipe connections and valve 
stems on pipes transferring radioactive liquids should not be per- 
mitted. 

(c) Collection systems should be provided under and around 
piping and tanks to contain any unintentional spillage where the 
possibility of a leak exists. 

(ad) If transferring radioactive wastes from ship to shore by 
hose or pipe, provision should be made to shut off the flow im- 
mediately in case of any emergency. 

(e) Systems for transferring or storing radioactive waste 
liquids should be as independent of non-nuclear systems as is 
practicable. 

3.2.4 The safety procedures and maximum permissible radiation 
exposure given in Section 2 should be followed. 


3.3 Disposal to Environment 


3.3.1 Disposal of wastes to the environment may be performed if 
it may be accomplished in such a manner that no environmental over- 
exposure or hazard results. One or more of several waste disposal 
methods may be used on a particular system. The safety and potential 
hazard of each waste disposal system should be evaluated individually 
for the particular reactor system. Examples of several waste disposal 
systems are: 

(a) Dispersion of liquid or solid wastes to ocean water. 

(6) Dispersion of gaseous wastes to atmosphere. 

(c) Retention of waste material in ships storage system for 
ultimate disposal at sea or to a shore facility. 

(d) Disposal at sea in approved container. 

3.3.2 Liquid wastes may be dispersed to the ocean when the ship 
isat sea whenever the resulting concentration of radioactivity is within 
acceptable limits determined by the Atomic Energy Commission. Un- 
til such time as higher limits are established, the resulting concentra- 
tion* of radioactivity in the ocean within a period of eight hours 
after discharge should be less than for drinking water, i.e. 3.3 x 10-* 
micro curies per milliliter (ze/ml) for unidentified beta or gamma 
emitters or 3.3 x 10-* pec/ml for unidentified alpha emitters. Higher 
limits should be established for open ocean disposal. 

Such dispersal should not be permitted within harbors or other 
anaes waters unless specifically designated by competent au- 
thority. 


* Nore.—Based on NBS Handbook 58 “Radioactive Waste Disposal in the 
Ocean”, Page 19, concentrations in the ocean may be approximated by 
the following formula: 


_( Waste cee eaTOR Waste-activity 
=| 1.32x10° rate, gpm Concentration, sc/ml xy 
(Ship beam, ft.) (Ship draft, ft.) (Ship speed thru water, knots 
This formula gives the resultant activity concentration in the ocean as: 
[ pe/minute of activity discharged i 
ml/minute of ocean volume receiving waste x% 

The portion within brackets is from page 19 of NBS Handbook 58. The factor 
of esnnepnntn for further dilution by diffusion in the ocean over a four hour 
period. 
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3.3.3 Airborne wastes in general should have activity concentra- 
tions in the atmosphere not exceeding prescribed permissible concen- 
trations. In particular such concentrations should prevail when the 
ship is in locations where the environment is inhabited such as in 
harbors, canals, etc. However, when the ship is at sea and the gases 
are dispersed away from the ship, dilution by the atmosphere to less 
than prescribed atomspheric concentrations will occur in a reasonable 
period of time. Therefore, at such times, gases may be discharged 
at concentrations greater than the maximum permissible concentra- 
tion in the atmosphere, the only consideration being the actual expo- 
sure rates therefrom on the ship itself or adjacent ships. Regulations 
of the Atomic Energy Commission give the following maximum per- 


missible concentrations for unidentified radioisotopes in air for un- 
restricted areas as: 


beta and gamma emitters 3.3x10-7°yc/ml 
alpha emitters 1.6x107ye/ml 


These limits are appropriate for particulate contamination. Limits 
for radioactive gases in air should be determined in the particular 
case on the basis of the isotopes present, the source to receptor geom- 
etry, and the resulting external radiation exposure rate. 

3.3.4 Disposal of contained solid or liquid wastes at sea should 
be done in approved areas and in containers which have been approved 
for the disposal. The following factors are pertinent in considering 
the adequacy of this type of disposal: 

(a) The type of isotopes being disposed, their half-life, bio- 
logical hazard and concentration. 

(6) The delay time before failure of container releases the 
wastes. 

(c) The disposal site, depth of water, ocean currents, proximity 
to fishing grounds or other ships. 


3.4 Disposal in Harbors 


3.4.1 The disposal of any liquid or gaseous wastes into the environ- 
ment of a harbor should be done in conformity with the harbor regu- 
lations but at no time should the permissible levels, stated in Section 
3.3, be exceeded. Waste disposal should be done at sea when possible 
to avoid any harbor contamination. In general, discharge of waste 
material in restricted waters should be through utilization of a land 
based waste disposal facility. 

8.4.2 Solid wastes such as contaminated equipment and contained 
liquid wastes should be packaged in accordance with applicable Inter- 
state Commerce Commission regulations and shipped to a licensed 
radioactive waste disposal facility for disposal, or transferred to a 
shore agency where it should be properly packaged. 


3.5 Concentrating Wastes in Liquids 


3.5.1 Liquid wastes having an activity level higher than permis- 
sible for dispersion to the environment may be processed to remove 
all or part of the radioactive isotopes from the liquid. The low level 
liquid may then be dispersed to the environment if its radioactivity 
is below the permissible level. The liquid with the high level of 
activity should be put in a suitable tight container which has been 
properly shielded to prevent over exposure of personnel. When de- 
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sired, the container may be packaged in accordance with applicable 
ICC regulations and shipped to a licensed radioactive waste disposal 
agency. 

3.6 Holding Tanks 


3.6.1 If necessary, storage tanks should be provided for holding 
radioactive wastes until they have decayed sufficiently to be dispersed 
to the environment or otherwise disposed of. These tanks should 
be shielded and/or isolated to provide protection of personnel against 
radiation. The waste disposal system should be provided with ade- 
quate tanks of sufficient capacity for normal operation in port. 











RADIATION PROTECTION PROGRAMS OF THE 
U.S. DEPARTMENT OF COMMERCE 


(National Bureau of Standards) 


The U.S. Department of Commerce has responsibility for fostering, 
promoting and developing foreign and domestic commerce. Included 
among the functions assigned for performance to the National Bu- 
reau of Standards of the Department are the custody, maintenance 
and development of national standards of measurement for physical 
quantities such as length, mass, time, radioactivity, etc. 

The Department of Commerce has no regulatory responsibilities in 
the field of radiation protection. Where it is required to use pro- 
tection criteria for its own internal operation, it uses those recom- 
mended by the National Committee on Radiation Protection. It is 
anticipated that regulations developed by the Federal Radiation 
Council will be used in the future, as they are developed. Insofar as 
the National Bureau of Standards is concerned, special circumstances 
which exist or will arise requiring radiation protection standards 
relate only to internal laboratory activities for which existing criteria 
or standards are adequate. : 

The Department of Commerce does not wish at this time to suggest 
any new radiation protection legislation. It is believed that the au- 
thority granted to the Federal Radiation Council will be sufficient for 
the purposes of this agency, as far as can be foreseen at the present 
time. 

RESEARCH AND COOPERATIVE PROGRAMS 


Slightly less than half (40 percent) the radiation research con- 
ducted by the National Bureau of Standards is done under contract 
with, and using funds from, the Atomic Energy Commission, Depart- 
ment of Defense, and Office of Civil and Defense Mobilization. 

Radiation studies are done in the Radiation Physics Division, Na- 
tional Bureau of Standards, Department of Commerce, which reports 
to the Deputy Director and Director of the National Bureau of Stand- 
ards. It is one of the 13 technical divisions of the National Bureau 
of Standards located in Washington, D.C. The present staff consists 
of approximately 67 professional personnel, all specially trained in 
radiation work, and including 28 scientists with the Ph. D. degree. It 
is supported by approximately 29 subprofessional and administrative 
personnel. 

Table I gives a summary of the fiscal and manpower information. 
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TABLE I.—NBS programs in radiation protection and measurement 





Number of projects 





Facilities of the Bureau, in Washington, D.C., consist. of normal 
laboratory facilities and three special buildings designed primarily 
for radiation research, In one of the other conventional nbs build- 
ings there are laboratories, including special “hot” laboratories, de- 
signed especially for handling radioactive materials. The three spe- 
cial buildings are designed with special radiation shielding facilities. 
(a) High Voltage La ratory is a 5-story building with basement 
and pent-house eiiitien containing a 114 million volt electron ac- 
celerator for producing X-rays and electrons, a 2 million volt neutron 
generator, a 500,000-volt electron accelerator, numerous X-ray sources 
ranging up to 250 kilovolts and sealed sources of radioactivity for in- 
strument studies. Special electrical supply systems are used to main- 
tain the constancy of output on the accelerators, (5) Betatron Build- 
ing contains a 180-Mev synchrotron and a 50-Mev betatron together 
with special shielding, facilities and instrumentation rooms. (c) 
Gamma Ray Laboratory, designed for handling sealed gamma-ray 
sources, is isolated from other buildings. In addition to normal radio- 
activity facilities it includes sealed sources containing about 2,500 
curies of cobalt 60. The procurement of a new source of 60,000 curies 
is In process. 

The program is conducted on a regular and contihuous basis, and 
has been growing since 1927. The direction of effort changes from 
time to time according to current advances in science. Its basic effort 
is concerned with problems of radiation protection, measurement and 
dosimetry, and interaction of radiation and matter. A new and ex- 

anded facility is planned for the new site, to include a high-energy, 
uigh-intensity linear accelerator. The program with this will include 
basic research as well as research in radiation dosimetry and 
protection. 

The entire radiation program is in accordance with the following 
statutory responsibilities of the National Bureau of Standards: 


(9) The investigation of radiation, radioactive substances, and X-rays, their 
uses, and means of protection of persons from their harmful effects (15 U.S.C. 


272). 
Practically all activities in the radiation field are automatically de- 
ndent upon NBS dosimetry standards and measurement standards 
or the validity of their measurements and for the efficient interchange 
of meaningful data between separate laboratories and the consistency 
with which the results of their work can be applied to the interpreta- 
tion of data. NBS also provides a number of critically important 
bench marks for the research, production and utilization of ionizing 
radiation in all forms, such as determination of fundamental con- 
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stants and spectra, shielding measurements and the establishment of 
standards for the measurement of radiation intensity, exposure dose 
and absorbed dose. These bench marks are indispensable for radia- 
tion applications in medicine, industry, nuclear energy and the general 
environment. 

The NBS radiation program maintains active relationships with 
other governmental organizations, such as with the AEC at both the 
administrative and working level. A variety of research programs 
relating to radiation protection and measurements have been ee 
in part by the AEC for many years. Partly through this mechanism, 
the NBS radiation physics program is kept aware of the AEC needs, 
and its programs are adjusted as needs change or develop. Some 
members of the NBS research staff are invited from time to time to 
attend meetings and present information to various AEC committees, 
such as the Advisory Committee on Biology and Medicine and the 
General Advisory Committee. NBS staff members are members of 
other AEC advisory committees. Working relationships exist with 
the Public Health Service, through fairly close but informal contact 
at the working level. Recently one NBS staff member has been made 
a member of a National Advisory Committee on Radiation that reports 
to the Surgeon General. Very close working relationships exist with 
various parts of the Department of Defense. This has been particu- 
larly so with Air Force Special Weapons Project (now fense 
Atomic Systems Agency) which has supported work at NBS, and 
NBS has in turn assisted them in many problems in the radiation field. 
The NBS also has research contracts with the Army, Navy and Air 
Force. Some of these deal with the broad problems of radiac instru- 
mentation and NBS staff members attend meetings of the DOD on 
this subject. There are also working relationships with the Air 
Force Operations Analysis Division and the Weapons Systems 
Evaluation Group of the Joint Chiefs of Staff, and between radiation 
programs of the NBS and the Office of Naval Research. NBS has 
worked closely with FCDA (now OCDM), including a continuing 
program of research relating to their instrumentation problems. The 
NBS is also their primary source of guidance on matters of radiation 
shielding generally, and protection offered by buildings and shelters 
in peur This protection program is also tied in with the AEC 
and DOD programs of similar nature. The NBS radiation program 
has for a number of years provided a close relationship with all the 
above agencies in the instrumentation field. Studies performed for 
one group are reported to all others, resulting in a reduction of other- 
wise overlapping programs. Through the Department of Commerce, 
the NBS has been very active on the Interdepartmental Committee 
of Radiation Preservation of Foods. 

Connections with non-governmental organizations have been an im- 
portant and essential part of the radiation activity at the NBS, be- 
ginning in 1927 with the establishment of the radiation program at 
the NBS. NBS staff members have been members of, or chairmen of, 
practically every technical committee dealing with radiation protec- 
tion and measurement in this country for the past 32 years. Through 
this means the NBS has maintained knowledge of the research and 
development needs for medical, industrial and research organizations, 
and has been able to feed information into these organizations in such 
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a way as to greatly facilitate the quick usage of new information. 
There are 15 or 20 such organizational relationships, such as the 
following : : 

National Committee on Radiation Protection and Measurement 
(VCRP), originally known as the Advisory Committee on X-Ray 
and Radium Protection, came into being in the U.S. in 1929 upon the 
recommendation of the International Commission on Radiological 
Protection. NBS undertook the initial organization of the Com- 
mittee, at the request of a number of technical societies. While the 
NBS has been the administrative sponsor of the NCRP, the program 
and policies of the Committee have been managed jointly with the 
18 other sponsors. The Committee has, since its inception in 1929, 
provided the basic guidelines for radiation protection and measure- 
ments in this country. It has also been a major contributor to the 
ICRP, with the result that the current international recommendations 
reflect much of the U.S. thinking. One of its principal means of 
disseminating information in the areas of radiation protection and 
measurements is through reports of the NCRP which are published as 
NBS handbooks. Something over one-half million copies of these 
handbooks have been distributed through the Government Printing 
Office since the publication of the first one in 1931. (Most of the pri- 
mary research results on radiation protection and measurements are 
disseminated through publications in conventional NBS and outside 
scientific journals.) 

American Standards Association—Since 1943, NBS has sponsored 
an ASA Committee on X-Ray and Radium Protection. Since the 
establishment of the Nuclear Standards Board by the ASA, the NBS 
has had staff members on many of its committees and subcommittees. 

National Academy of Sciences.—Since the establishment of the NAS 
Advisory Committee on Civil Defense, NBS has had a staff member 
on that committee, and for the past 2 years has provided the chairman- 
ship. This is a typical committee type of operation leading to close 
working relationships between NBS, OCDM, NAS and DOD, and to 
better coordination of certain civil defense programs concerned with 
radiation problems. 

The NBS works closely with international bodies such as: the Inter- 
national Bureau of Weights and Measures (either through direct rela- 
tions by U.S. treaty or through the ICRP or ICRU); the Interna- 
tional Atomic Energy Agency (through the AEC, ICRP and ICRU) ; 
the World Health Organization (through the ICRP and ICRU). 
There are also the regularly established working relations between 
the Radiation Division of the NBS and the corresponding divisions 
of international laboratories of many other countries. NBS work in 
the radiation field finds its way into worldwide application through 
such relationships. In addition, part of its output is disseminated 
through the publications of the ICRP and ICRU, NAS, ASA, ete. 

International Commission on Radiological Protection.—When the 
ICRP was organized in 1928 the NBS supplied the only U.S. repre- 
sentative to that body. The NBS has been continually active in the 
group and has supplied a large fraction of the physical data included 
in their reports. Biological and medical data have been of course 
contributed by other organizations. The ICRP has always been the 
internationally recognized body for the provision of radiation pro- 
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tection criteria and general guidelines. In 1950, the ICRP was en- 
larged and organized along the lines of the NCRP in this country. 

International Commission of Radiological Units and Measurements 
(CRU) .—From the period of 1928 to 1950 the NBS supplied one of 
the two U.S. representatives to the ICRU. It also provided the Secre- 
tary for the ICRU from 1934 to 1950, and the chairman for 1953 to 
date. A considerable portion of the current recommendations of the 
ICRU is based on technical data provided by NBS and collected 
through the NCRP. 








STATEMENT OF THE DEPARTMENT OF AGRICULTURE 


(Status Reports from Federal Agencies: 
Special Questions for Federal Agencies Concerned with 
Radiation Standards.) 


What does agency do in field of radiation protection? 
(1) Responsibilities 
a. Operational 


The U. S. Department of Agriculture has a uniform 
system of internal control concerning the use of 
radioactive materials and radiation sources for the 
protection of personnel and of the agencies of the 
Department. This control implements the require- 
ments of the regulations in 10 CFR 20. 


b. Regulatory 


The Meat Inspection Act and the Poultry Inspection 
Act make it mandatory for the Department, through 
inspection and control, to assure the wholesomeness 
and safety for human consumption of meat and meat 
food products and poultry and poultry products pro- 
duced in plants which distribute in interstate 
commerce. This responsibility includes the 
determination of possible toxic materials arising 
from radiation and the presence of radioactive con- 
tamination. 


c. Development of Standards 
No comment. 
d. Research Programs . 


In the field of research, the Department's basic 
responsibility under the Organic Act of 1862, the 
Research and Marketing Act, and other laws, is to 
acquire and diffuse useful information on agriculture 
in its most comprehensive sense, for the benefit of 
both producer and consumer. Some of this research, 
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both fundamental and applied, assists in establish- 

ing the mechanism of movement of radioactive 

materials into the food chain, methods and procedures 
for assay, and the effects of radiation on agricul- 
tural products, all of which contribute to the 
establishment of standards. The results of this 
research also form a basis for information disseminated 
to producers by the Department in the form of advice 
on protection and decontamination of soils, crops, 

and animals. 


Policy, Criteria, Standards 


Occupational exposure of Department personnel to ionizing 
rediation may occur in various regulatory, training, and 
research programs. The types of radiation include alpha, 
beta, gamma, neutrons, and X-rays. Sources of radiation 
include radioactive isotopes, neutron sources, and X-ray 
machines. The usual type of occupational exposure is to 
external radiation. The external radiation standards 
currently employed are those of 10 CFR 20, which follow 
the recommendations of the National Committee on Radiation 
Protection and Measurements and the International Commission 
on Radiological Protection. 


The recommended standards of the National Committee on 
Radiation Protection and Measurements for internal emitters 
are useful to the Meat Inspection Service and the Poultry 
Products Inspection Service, in their responsibility to 

see that meats and poultry products are safe from the 
standpoint of radioactivity. 


Radiation Exposure Sources 


The Department of Agriculture makes use of existing criteria 
for the protection of Department personnel who use radio- 
active materials or radiation sources in research, 
regulatory, or training programs and has need of radiation 
protection criteria or standards for exposures arising in 
the following situations: 


(1) contamination of agricultural land and farm produce 
with fallout from nuclear weapons testing or from 
nuclear installation accidents; 
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(2) the acceptability of commodities treated experi- 
mentally with radionuclides; and 


(3) irradiation of farm produce to lengthen market- 
life or eliminate insect infestation. 


Public Relations 


The Department's public relations responsibilities con- 
cerning the effects of radiation and radioactive fallout 
are twofold: (1) to present available factual information 
regarding safety of food and feed being produced by 
agriculture and thus avoid unwarranted public fears and 

(2) to keep farmers continually abreast of research informa- 
tion that will prepare them for dealing with a fallout 
emergency. The Department also assumes the further 
responsibility to coordinate the release of any information 
to the general public with other agencies concerned. 


In meeting its public relations responsibilities, the 
Department must strive to provide new and technical 
information to those people concerned as it becomes 
available, and in such a way that all of its implications 
can be readily understood. The Department works to correlate 
new and old information so that the more recent can be 
readily interpreted in terms of what is known, as a basis 
for a continuing public education program. 


Legislative 


The question of the present legislative situation is 
divided into three principal categories. The Department 
finds acceptable the regulations and procedures established 
by the Atomic Energy Commission for the use of radioactive 
materials by its employees and by other government agencies 
in the field of research. The recommendations of the NCRP 
assist the Meat Inspection Service and the Poultry Products 
Inspection Service in prescribing and enforcing regulations 
in the affected industry to see that the products reaching 
the consuming public do not contain dangerous amounts of 
radioactive materials. 


Citations for legislation referred to above are as follows: 


The Poultry Products Inspection Act - 21 USC 451-469 

The Meat Inspection Act - 21 USC 71-91 

The Organic Act of 1862 - 5 USC 511 

The Research and Marketing Act - 7 USC 427, 427i; 1621-1627 
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STATEMENT OF THE FEDERAL AVIATION AGENCY 
REGULATIONS GOVERNING TRANSPORTATION 
OF RADIOACTIVE MATERIALS BY AIR 


The Administrator of the FAA is responsible, among other things, for the 
promotion of the safety of flight of civil aircraft by prescribing such 
rules and regulations, or minimum standards governing practices, methods 
and procedures, as he may find necessary to provide adequately for safety 
in air commerce. To the extent that such rules, regulations or standards 
govern the transportation of radioactive materials by aircraft, the 
Federal Aviation Agency is involved in the regulation of radiation hazards. 


Federal-State relationships do not become involved in the establishment 


and enforcement of rules, regulations and standards with respect to air 
comme rce. 


Statutory Authority 


Section 601 of the Federal Aviation Act of 1958 provides that "The Adminis- 
trator is empowered and it shall be his duty to promote safety of flight 
of civil aircraft in air commerce by prescribing and revising from time to 
time: . . . Such reasonable rules and regulations, or minimum standards, 
governing other practices, methods, and procedure, as the Administrator may 


find necessary to provide adequately for national security and safety in 
air commerce." 


Section 902 (h) of the Federal Aviation Act of 1958 provides that, 
"In the exercise of his authority under title VI of this Act, the Adminis- 
trator may provide by regulation for the application in whole or in part 
of the rules or regulations of the Interstate Commerce Commission (includ- 
ing future amendments and additions thereto) relating to the transportation, 
packing, marking or description of explosives or other dangerous articles 


for surface transportation, to the shipment and carriage by air of such 
articles. 


Civil Air Regulations 


Part 49 of the Civil Air Regulations prescribes two principal categories 
of requirements: 


Shipping requirements, which include - 


Packing and Marking 
Labeling 

Certification, and 
Containers for liquids; and 
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Loading and handling requirements, which include - 


Cargo location 

Notification of pilot in command 

Damaged articles 

Quantity limitations, and 

Special requirements for radioactive materials. 


In general, the requirements of part 49 are consistent with the regulations 
of the Interstate Commerce Commission governing the surface transportation 
of radioactive materials. 


The Administrator of the Federal Aviation Agency may permit deviations from 
the prescribed requirements subject to such terms, conditions, and limita- 
tions as he finds necessary in the interest of safety in air commerce. 
Section 49.2 also provides certain exemptions for radioactive materials 


shipments made by or under the direction or supervision of the Atomic Energy 
Commission. 


In granting authority to deviate from the provisions of part 49 of the 
Civil Air Regulations, the Administrator will consider exercising his 
authority in emergency situations in which the deviation would serve the 
public interest in connection with any actual or imminent disaster such 
as flood, fire, storm, earthquake or other calamitous visitation or any 
humanitarian effort such as to save lives or to alleviate distress or 
suffering. Convenience or economic advantage to the shipper, consignee 
or persons who desire to transport any shipment is not deemed to be an 
emergency situation; and the Administrator would not authorize deviation 
for such reasons. 


The Administrator will consider exercising his authority to permit 
deviations from part 49 of the Civil Air Regulations when other forms of 
transportation are found to be impracticable. Such a situation might 
arise when (1) the transit time for other forms of transportation would 
result in spoilage, damage, or forfeit of the intended use of the 
shipment at destination or (2) the destination is not safely accessible 
by other means of transportation. 


Authorizations to deviate from the provisions of part 49 are issued under 
the following types of conditions and limitations: 


a. The persons carried aboard the aircraft are limited to the 
minimum flight crew necessary to the safety of the particular 
flight and such other persons that are essential to the 
handling en route of the particular shipment for which deviation 
authority is requested. 
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The shipper certifies that the shipment can be handled in air 
transportation with a reasonable degree of safety to persons and 
cargo aboard the aircraft and provides full instructions with 
regard to any special handling procedures and precautions to be 
observed which are necessary to assure safe transit. 


The aircraft can be located on airports for loading and unloading 
and operated during takeoff, en route, and landing so as to remain 
a safe distance from all heavily populated areas and, insofar as 
possible, avoid being in hazardous proximity to any place of human 
abode or assembly when the shipment of any explosive or other 
dangerous articles can create destructive forces or have lethal or 


injurious effect over an appreciable area as a result of accident 
to the aircraft or shipment. 
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U. S. DEPARTMENT OF LABOR 
Bureau of Labor Standards 
April 1960 


ANALYSIS OF WORKMEN'S COMPENSATION LAWS 
IN RELATION TO RADIATION INJURIES 


Introduction 


The purpose of this analysis of workmen's compensation laws is to show 
the extent to which radiation injuries are covered under such laws at 
the present time. It also will highlight some-of the many problems 
anticipated in providing full workmen's compensation protection for 
workers in the event of injury due to a radiation hazard. 


Workmen's compensation laws are in effect in all States, the District 
of Columbia, and Puerto Rico. In addition to these 52 laws, there are 
two Federal laws, the Federal Employees" Compensation Act and the Long- 
shoremen's and Harbor Workers'* Compensation Act. 


The laws vary both in standard and in administrative procedures. It is 
not possible, therefore, to compare the various acts as a whole. Com- 
parisons in this report are limited to basic provisions of the law and 


do not include information on judicial decisions or administrative rules 
and regulations. 


Among the specific provisions analyzed in this report are those relating 
to whether the law is compulsory or elective, the methods of insurance, 
the employments covered and those specifically exempted, numerical ex- 
emptions, extraterritorial coverage, accidental injuries and occupational 
diseases, subsequent injury funds, waivers, time limits for filing claims, 
and indemnity, medical and rehabilitation benefits. 


In general, the report shows that very few of the State laws provide full 
workmen's compensation protection for workers who are exposed to radiation 
hazards. One of the major gaps is the time limit for filing claims. 
Almost all the laws fail to recognize the latent nature of radiation dis- 
eases with the result that the time limit for filing claims may expire 
before the worker knows that he has suffered a radiation injury due to 

his job. Limitations on medical benefits for radiation injuries apply 

in about one-third of the laws. Very few of the jurisdictions provide 
for supervision of medical care. Less than half of the laws contain 

any provision on rehabilitation. Only one-third of the laws include 
radiation injuries in the coverage of the subsequent injury funds. 


Type of Laws 


The workmen's compensation laws of the States, Territories, and Federal 
government may be classified as compulsory or elective. 
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A compulsory law requires every employer within the coverage of the 

act to accept its provisions and to provide for the benefits prescribed 
by the act. Thirty of the 54 workmen's compensation laws in this country 
are compulsory. 


An elective law permits the employer and employee to accept or to reject 
the provisions of the law. Under most types of elective laws, accept- 
ance of the act by the employers or employees is presumed unless specific 
notice of rejection is filed. In case the employer rejects the law, he 
loses the customary common law defenses of assumed risk of employment, 
negligence of fellow servants, and contributory negligence. If the em- 
ployee rejects the act but the employer accepts it, then the employer 

is allowed to use the common law defenses in case of a suit by the em- 
ployee for damages. If an employer has rejected the act his employees 
may be unable to obtain compensation unless they sue for damages regard- 
less of whether or not they have accepted the act. (See Appendix E-1 
for list of compulsory and elective laws.) 


The first test, therefore, of whether a workmen's compensation law covers 
a radiation injury is the type of law. If elective, the injury may or 
may not be covered. 


Security for Payment of Benefits 


There are three types of provisions to assure payment by the employer of 
compensation indemnity benefits or medical and related benefits in the 
event of a radiation injury. These methods are: (1) to insure with an 
authorized private insurance company; (2) to give proof of his qualifi- 
cations for self-insurance; and (3) to insure with a State Fund. Since 
radiation injuries can involve costly workmen's compensation payments, 
it is important to assure a sound method of financing such costs. 


Under all but nine of the laws, employers can obtain insurance through 
private insurance carriers. Employers may qualify as self-insurers under 
all but eight of the laws. Where self-insurance is permitted, the self- 
insurer must meet certain conditions such as bonding, posting of se- 
curities, or other proof of financial ability to carry his own risk. \ 


State funds are provided for in 19 of the jurisdictions. These funds 

are classified as “exclusive” or "competitive". Under an exclusive State 

fund, employers are required to insure in the fund. If a jurisdiction 

permits an employer to insure with either the State fund or a private 
) 
i 


insurance company the fund is referred to as a competitive State fund. 
Eight jurisdictions have exclusive Stete funds and eleven are classified 
as competitive State funds. Two of the exclusive State funds also permit 
self-insurance. The Federal Employees’ Compensation Act depends on direct 
appropriations by Congress for the payment of all benefits. 


The type of insurance provision in each jurisdiction is shown in 
Appendix E-2., 
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Employments Covered and Excepted ~ Private Employment 


No workmen's compensation law covers all private employments. Every 

law excludes some specifically named classes of employees. Many laws 
exempt employers who have fewer than a certain number of employees, and 
other laws cover only hazardous, extrahazardous, or especially dangerous 
occupations. These gaps in coverage may mean that a worker suffering a 
radiation injury is without workmen*s compensation. In most States, the 
employments exempted may be brought under the law through the voluntary 
acceptance of coverage by the employer. 


Excepted Employments 


Farm and domestic workers are generally excluded from workmen’s com- 
pensation laws. Railroad and maritime workers are also exempt. Many 
laws also contain a list of other excluded employments ranging from 
two in one State to 18 in another State. 


Hazardous Employments 


The 12 jurisdictions (Illinois, Kansas, Louisiana, Maryland, Montana, 
New Mexico, New York, North Dakota, Oklahoma, Oregon, Washington, and 
Wyoming), the laws apply to listed "hazardous" or “extrahazardous" em- 
ployments., The use of such terms was an expedient adopted in the early 
days of workmen's compensation legislation to meet the risk that the 
broad coverage type of law might be held unconstitutional by the courts. 
Now the constitutionality of workmen’s compensation laws has long been 
assured, and the retention of this provision in some State laws is a 
major obstacle to comprehensive coverage of workers, In a few of these 
States, the list of hazardous industries is comprehensive. However, 
difficulties of interpretation arise where the laws contain both specific 
and general provisions. For example, one State specifies certain 
"extrahazardous" employments that are covered and in addition states 
that the act shall apply to all extrahazardous employments not spe~- 
cifically enumerated and to all work of an extrahazardous nature. Re- 
gardless of this general provision, it has been found necessary to amend 


the law from time to time by adding to the list of specific extrahazardous 
employments. 


Numerical Exemptions 


Twenty-five of the iaws contain no provision for an exemption based on 
number of workers employed. The other 29 jurisdictions exempt employers 
who have fewer than a stipulated number of employees, ranging from less 
than 15 in one State to less than two. (See Appendix E-3 for list of 
States with no numerical exemptions and those with such exemptions.) 
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Employment Covered and Excepted - Extraterritorial Coverage 


The extent of coverage of radiation injuries is also affected by the 
extraterritorial provisions of the various workmen's compensation 

laws. When an employee hired in one State is injured in another, some- 
times it is clear that he is covered by the law of the State where he 
was hired; sometimes such coverage is doubtful, depending upon a number 
of factors. On the other hand, sometimes the employee is specifically 
covered by the law of the State where the injury occurred. In many 
instances it is difficult to determine in what State the remedy should 
be sought. The difficulty is caused by the varying provisions in the 
different laws relating to this problem. 


In some States reciprocal arrangements have been developed to meet this 
problem, Under these arrangements, the workmen's compensation law may 
not apply to an employee temporarily within the State if his employer 
has furnished proof of workmen's compenation coverage under the law of 
another State and provided that the other State also recognizes the 


same extraterritorial application for employees temporarily within its 
borders. 


Extraterritorial provisions will affect primarily the coverage of 
radiation injuries for workers engaged in the servicing, installation, 
and construction of atomiceergy facilities and in the transportation 
of materials with a radiation hazard where such workers cross State 
lines in their activities. 


In juries and Diseases Covered 


Accidental Injuries } 


An analysis of the workmen's compensation laws of the various juris- : 
dictions shows that the laws differ not only in the employments that 
are covered but also in the injuries covered. The compensation laws | 
in general are intended to cover all accidental injuries due to the 
nature of the employment regardless of who was at fault. The specific : 
definition of accidental injury in the law, however, will determine 

whether a radiation or other type of injury is covered. A review of 

the definitions shows that the usual language is to specify that the 

injury must be an “injury by accident arising out of and in the course 

of employment", In some laws, only the language "course of employment" 

is used. The terms "by accident" and "arising out of amiin the course 

of employment" are subject to interpretation in the different States i 
and may limit the coverage of radiation or other injuries. The defini- : 


tion of accidental injury therefore becomes of particular importance in 
radiation cases. 


Sample provisiormsof definitions of "accidental injury" in the various 
laws are attached as Appendix E~4, 


| 
| 
| 
| 
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Qccupational Diseases 


Occupational diseases are covered in two ways by the workmen's com- 
pensation laws. (See Appendix E~5 for list of States covering 
occupational diseases.) Qmne is by the full coverage method under 
which all diseases are covered. This is usually done by the defini- 
tion of “injury” or by definition of “occupational disease". More 
than half of the laws now provide for full coverage. The other method 
is by listing specified diseases that are covered and is referred to 
as "schedule" coverage. A few laws list the specific diseases covered 
and then include a general provision for coverage of "any and all 
occupational diseases". The workmen’s compensation laws of Tennessee 
and Virginia permit full coverage at the option of the employer. The 
laws of Mississippi and Wyoming do not have any provision in the law 
for occupational disease coverage. 


Twenty-seven laws include specific language for coverage of radiation 
diseases. However, in three of these laws, it is questionable whether 
the language used is adequate to cover all radiation diseases (see 


Appendix E-6 for laws with specific language together with language 
used.) 


The International Association of Industrial Accident Boards and Com- 
missions* Atomic Energy Committee report in 1956 recommended that a 

uniform language be used and suggested that the term "disease caused 
by exposureto ionizing radiation" be inserted in the law where con- 

sidered necessary. 


Subsequent Injury Fund Provisions 


Workmen’s compensation laws constitute one of the obstacles to the em- 
ployment of handicapped workers because of the fear of employers that 
they may be assessed a heavy compensation cost if the handicapped worker 
suffers a subsequent injury. To meet this problem, subsequent injury 
funds have been established. A subsequent injury fund is a special 
fund to insure that an employer who hires a handicapped worker will 
not, in the event such worker suffers a subsequent injury on the job, 
be responsible for the payment of compensation for a greater disability 
than that actually resulting from the subsequent injury by itself. 
Under the New York and Minnesota laws, the employer is only liable for 
compensation for a maximum of 104 weeks, But the employee is fully 
compensated. The subsequent injury fund pays the difference between 
what he actually receives from the employer and what he would have re- 
ceived for the actual disability resulting from the combined injuries. 
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The coverage of a subsequent injury fund may be broad enough to include 
any type of prior disability--such as polio, epilepsy, arthritis,. heart 
disease, or diabetes; or it may be so limited that it applies only to 
such handicaps as the loss, or loss of use, of a hand, arm, foot, leg, 
or eye. The great majority of these funds are limited in coverage to 
the loss of a member of the body. 


A worker who has suffered a radiation injury may find it difficult to 
obtain employment where a subsequent injury fund does not cover such 
injuries, All but five State workmen*s compensation laws and the 
Federal Employees* Compensation Act have some form of subsequent injury 
fund legislation. However, 30 of these laws limit the coverage to the 
loss, or loss of use of, a member of the body. Only 18 laws provide 
for the coverage of additional types of disability. (See Appendix E-7 
for a chart showing the subsequent injury fund provisions which cover 
radiation diseases.) 


Most jurisdictions prohibit an employee from waiving his rights to 
compensation. However, early in the history of workmen’s compensation, 
a number of States enacted provisions permitting handicapped workers to. 
“waive” their rights to benefits for an injury caused, or contributed 
to, by a previous disability. This was done because of the reluctance 
of employers to hire or keep an employee whose physical condition might 
create an extra compensation cost if he ‘suffered a further injury on 
the job. 


The development of the subsequent injury fund system has made waiver 
provisions obsolete. However, some jurisdictions still authorize the 
use of waivers. A waiver for radiation injuries is permitted under 14 
of the laws. (See Appendix E-8 for status of waivers under workmen's 
compensation laws.) 
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Time Limits for Filing Claims 


One of the major problems affecting the coverage of radiation injuries 
under workmen's compensation laws is the requirement relating to the 
time limit for filing a claim. Many workmen’s compensation laws require 
that the claim must be filed within a certain period after date of last 
exposure, Other laws require that the claim be filed within a speci- 
fied period after disablement regardless of whether the worker knows that 
his disability was due to his job. Because of the slowly developing 
nature of radiation diseases, and the difficulty of determining the causal 
relationship between such diseases and the job, an employee may be un- 
aware that he is suffering from a radiation disease due to his employment 
and may not suffer disability for many years after his last exposure to 
radiation. The time limit provision will have, therefore, an important 


bearing on a worker‘s right to compensation if he suffers a radiation 
injury. 
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The great variation in the time limits for filing claims is shown in 
Appendix E-9 attached. 


It is difficult to evaluate the effect of some of these time limit 
provisions on coverage of radiation injuries since much depends on 

the interpretation given them by the courts. Qn the basis of the 
specific provision in the law, however, only a few of the jurisdictions 
meet the standard recommended by the IAIABC in its Atomic Energy Com- 
mittee report for 1956 1/. This report recommends that "the time limi- 
tation in filing of claims not begin to run until the date on which the 
employee has knowledge of the nature of his disability and its relation 
to his job and until after disablement.” 


Samples of the various types of provisions mentioned are attached as 
Appendix E-10. 


Compensation Benefits - Medical Benefits 


All jurisdictions provide that the injured worker shall receive medical 
aid, The extent of medical benefits varies from full benefits in most 
States to limitations in other States as to period of treatment or cost 
or both, Since radiation injuries may involve extensive medical care, 
it is important to know whether the law provides full or limited bene- 


fits. (See Appendix E-11 for list of States providing full and limited 
medical benefits.) 


Full Benefits 


Thirty-two laws provide for full medical benefits for accidental injuries 
and occupational diseases. In 17 of these 32 laws, it is specifically 
provided that medical aid must be furnished without limit as to time or 
amount. In the other 13 laws, the administrative agency is authorized 

to extend such aid indefinitely beyond any limits expressed in the law. 
The workmen's compensation laws of Mississippi and Wyoming provide for 
full medical benefits for accidental-injuries but the laws in these 
States do not provide coverage of occupational diseaces. 


Limited Benefits 


Medical benefits are limited in 22 laws. In 14 of these laws the limita- 
tion applies to both accidental injuries and occupational diseases. In 
two other laws, the medical benefits are limited for all occupational 
diseases. In the remaining 6 laws, the medical benefits are restricted 
for silicosis, asbestosis, or other types of dust diseases. In at least 


16 jurisdictions, therefore, medical benefits for radiation injuries will 
be limited. 


a 
1/ "Workmen's Compensation Problems," Bulletin 192, Bureau of Labor 
Standards, U. S. Department of Labor, pp. 160-167. 
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Choice of Physician 


In the majority of the jurisdictions the employer is given the right to 
select the first treating physician or surgeon. The injured worker is 
given the right of selection in about one-third of the laws. (See 
Appendix E-12 for list of laws showing method of selection of doctor.) 


Supervision of Medical Care 


Radiation injury cases may require specialized medical care. It is 
therefore important to know, in evaluating the medical care provision, 
whether the workmen’s compensation agency has the authority to super- 
vise and control the medical care program, The workmen's compensation 
laws that give the workmen's compensation agency the authority to order 
a change in physicians are reported in Appendix E-12, 


Compensation Benefits - Indemnity Benefits 


The amount of cash benefits payable for a radiation injury under the 
various workmen's compensation laws is determined by a number of factors 
and will vary from State to State. Usually the law will specify that 
the worker is entitled to 66 2/3 percent of his average weekly wages. 
In some States the percentage will vary according to the marital status 
of the worker and the number of dependent children. However, the per- 
centage which the worker actually receives is also affected by the 
maximum weekly rate specified in the law. This rate may result in the 
worker receiving much less than 66 2/3 percent of his average weekly 
wages. A table showing the ratio of the maximum weekly benefit rate 

to the State*s average weekly wage is attached as Appendix E-13. This 
table shows that only 6 jurisdictions now provide a benefit rate which 
will enable most workers to receive at least two-thirds of the State’s 
average weekly wages based on wages of workers covered under unemploy- 
ment insurance laws in 1958. 


Other factors which affect the benefits received by an injured worker 
are the term or period of payment specified in the law and the aggregate 


or total maximum amount of payment, The amount may also differ as to 
type of injury. 


The maximum weekly payments vary from State to State. In a few laws, 


the payments exceed $50 but the most common benefit rate is between 
$35 and $45. 


Thirty laws pay benefits for permanent total disability for the entire 
period of disability. In the other laws, the period for such payments 
is limited to a specified number of weeks varying from 330 to 550 weeks 
or the total amount payable is limited, ranging from $7,500 to $19,500. 
In some jurisdictions, both the period and total amount payable are 
limited, 
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The specific benefit rates by jurisdiction for the various types of 
disability and for death are indicated in Appendices E-14 through 
E-18, 


Compensation Benefits - Rehabilitation Benefits 


Less than half of our workmen's compensation laws contain any specific 
provision on rehabilitation of injured workers, (See Appendix E-19 
showing States with rehabilitation provisions). A worker who has 
suffered excessive radiation exposure may need rehabilitation and re- 
training for another job. The extent to which he will be entitled to 
rehabilitation services will be determined by the particular workmen's 
compensation law involved, 


Five jurisdictions (Ohio, Oregon, Rhode Island, Washington, and Puerto 
Rico) operate rehabilitation centers or facilities under the workmen’s 
compensation program to make available to injured workers the full 
services necessary to restore their ability to perform a job. 


In addition to the workmen*s compensation rehabilitation centers 
mentioned above, 13 jurisdictions (Florida, Hawaii, Massachusetts, 
Minnesota, Missouri, New Jersey, New York, Ohio, Oregon, Puerto Rico, 
Rhode Island, Washington, and West Virginia) maintain special re- 
habilitation divisions or units within the workmen’s compensation 
agency. These units are designed to promote the referral of injured 
workers to public or private rehabilitation facilities and to study 
the rehabilitation needs and problems affecting injured workers. 


Special maintenance and other benefits for injured workers while under- 
going rehabilitation are provided in 19 of the laws. The Arizona law 
gives the Commission broad authority to provide such awards as may 

be necessary for the promotion of vocational rehabilitation. Under the 
Wisconsin law, provision is made for the payment of full compensation 
for a maximum period of 40 weeks during rehabilitation training. The 
actual and necessary costs of maintenance and travel are paid for a 
maximum period of 40 weeks, if the training is elsewhere than at the 
place of residence. In addition, for amputees there is no limit on 

the number of weeks for which full compensation is paid while receiving 
training in the use of prosthetic devices. The Oregon law provides for 
benefits of $50 to $100 a month and authorizes the Commission to expend 
such funds as may be necessary to accomplish rehabilitation. In the 
other laws providing special maintenance or other compensation for 


rehabilitation, there is a maximum iimit on the amount of compensation, 
or period of weeks, or both, 


Conclusion 


This brief analysis of workmen’s compensation laws points up the wide 
variation in the provisions of the laws, the gaps in the coverage of 
radiation injuries, and the need for reexamination of these laws as to 
changes required to meet the new problems resulting from the growing 
use of atomic energy for peaceful purposes. 


Another problem is the question of proving causal relationship between 
a radiation injury and the job. As experience develops with specific 
cases, it may be possible to better determine what types of provisions 
in workmen's compensation laws will most effectively meet this problem. 
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Appenpix E-1 
Compu.tsory AND Exvective Types or Laws 


The jurisdictions with compulsory laws are: 


Maryland Ohio 
ee Massachusetts Oklahoma 
Arkansas Michigan Puerto Rico 
California Minnesota Rhode Island 
Connecticut Mississippi —_ f 
Deente somiioeada Weshington 
District of Columbia New Hampshire Wien ne 
Hawaii New York 1 
Idaho North Dakota’ Wyoming 
Illinois 


Longshoremen’s and Harbor Workers’ Compensation Act, Federal Employees’ 
Compensation Act. 


The jurisdictions with elective laws are: 


Alabama Louisiana Oregon 
Colorado Maine Pennsylvania 
Missouri South Carolina 
Florida Montana South Dakota 
Georgia Nebraska Tennessee 
Indiana * New Jersey Texas*® 
Iowa ‘ New Mexico Vermont 
Kansas North Carolina West Virginia 
Kentucky 


* Employee may reject act. 

*In cases where an employer not subject to compulsory coverage voluntarily accepts the act, 
his employees have the option of rejecting act. 

’ Compulsory as to coal mining. 

* Compulsory as to operation of coal mines or production of coal for sale. 

* Compulsory as to motorbus companies. 
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ApPpENDIx E-2 


Type or INSURANCE PROVISIONS 


Jurisdictions limited to private insurance and self-insurance: 


Alabama lowa 

Alaska Kansas 
Arkansas Kentucky 
Connecticut Louisiana 
Delaware Maine 
District of Columbia Massachusetts 
Florida Minnesota 
Georgia Mississippi 
Hawaii Missouri 
Illinois Nebraska 
Indiana New Hampshire 


New Jersey 
New Mexico 
North Carolina 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas ! 
Vermont 
Virginia 
Wisconsin 


Longshoremen’s and Harbor Workers’ Compensation Act. 
Jurisdictions with State fund, private insurance, and self-insurance: 


Arizona Maryland 
California Michigan 
Colorado Montana 
Idaho New York 

Jurisdictions limited to State funds: 
Nevada Oregon 
North Dakota Puerto Rico 
Ohio ? Washington 

1 Self-insurance not permitted. 

1 Self-insurance permitted. 


Oklahoma 
Pennsylvania 
Utah 


West Virginia ? 
Wyoming 


Notg.—-The Federal Employees’ Compensation Act is financed by direct appropriation of Congress. 
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U. S. DEPARTMENT OF LABOR 
Bureau of Labor Standards 
: “February 1960 


APPENDIX E-3 =~ JURISDICTIONS MAKING NUMERICAL EXEMPTIONS 





Jurisdictions making no numerical exemptions 





















Alaska 


California New Jersey 
District of Columbia North Dakota 
a Oregon 
daho Pennsylvania 
Tlincis mame 
Indiana Utah 
Iowa Was 
Louisiana West Virginia 
Maryland Wyoming 
Minnesota United States (Federal em- 
Montana 


ployees and longshoremen) 





¥ 


Delaware 
Florida 
Kentucky 
Michigan 
New Hampshire 
New York 2/ 
Ohio 
Texas 
Wisconsin 


See footnotes at end of table. 
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APPENDIX E-3 (Continued) 


~-- Jurisdictions Making Numerical Exemptions 
Footnotes 
only 
Numerical exemption applies/to compulsory coverage. 


New York: No numerical exemption applies to 23 groups of "hazardous" 
occupations listed in the law. The numerical exemption of 3 employees 
applies in any employment not listed in any of the groups, but carried 
on by an employer for pecuniary gain. There is another exemption for 
employers who employ fewer than 4 workers; this applies to employers 
whose business is not carried on for pecuniary gain. 


New Mexico: Does not apply if injury occurs upon any structure 10 feet 
or more above the ground. 


Arkansas: Contractor engaged in building or building repair work is 
covered if he employs 2 or more employees at any ome time, If con- 
tractor subcontracts any portion of work, contractor is covered if 
either the contractor or subcontractor has only 1 employee. 


Kansas: Numerical exemption does not apply to employment in mines and 
building construction. 


North Carolina: Act exempts individual sawmill and logging operators with 
less than 10 employees whose principal business is unrelated to sawmills 
and logging and who operate less than 60 days in 6 consecutive months, 


Missouri: If Workmen's Compensation Commission determines that employer 
of 10 or less employees is engaged in hazardou3 employment, such employer 
shall be covered unless he rejects act within 10 days. 
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AppENDIX E-4 
SAMPLE Provisions OF DEFINITIONS OF TERM “‘ACCIDENTAL INJURY” 


Arkansas: ‘ ‘Injury’ means only accidental injury arising out of and in the 
course of employment * * *. 

California: ‘‘ ‘Injury’ tects anyinjury * * * arising out of the employment; 
including injuries to artificial members, dentures, eye glasses and medical braces 
of all types; provided, however, that eye glasses will not be replaced, repaired or 
otherwise compensated for, unless i injury to them is incident to an injury causing 
disability.” 

Michigan: ‘‘* * * personal injury arising out of and in the course of his 
employment * * *.” 

New Jersey: ‘* ** personal injuries fo, or for the death of, such employee by 
accident arising out of and in the course of his employement * 

New York: “ ‘Injury’ and ‘personal injury’ mean , only asuldentin injuries 
arising out of and in the course of employment * * *.,’ 

North Dakota: “ ‘Injury’ shall mean only an oe arising in the course of 
employment * * *,” 

ashington: “ ‘Injury’ means a sudden and tangible happening of a traumatic 
nature producing an immediate or prompt result, and occurring from with- 
out , 

Wisconsin: ‘‘* * * ‘Injury’ is mental or physical harm to an employee caused 

by accident * * *,” 
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COVERAGE OF OCCUPATIONAL DISEASES 


APPENDIX E-5 
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Jurisdictions which provide full coverage of occupational diseases are: 


Alaska 
Arkansas 
California 
Connecticut 
Delaware 
District of Columbia 
Florida 
Hawaii 
Illinois 
Indiana 
Kentucky 


Maryland 
Massachusetts 
Michigan 
Minnesota 
Missouri 
Nebraska 
Nevada 

New Jersey 
New York 
North Dakota 
Ohio 


Oregon 
Pennsylvania 
Puerto Rico 
Rhode Island 
South Carolina 
Utah 
Washington 
West Virginia 
Wisconsin 


Longshoremen's and Harbor Workers' Compensation Act, Federal Employees' 


Compensation Act. 


Jurisdictions with schedule coverage of occupational diseases are: 


Alabama 
Arizona 
Colorado 
Georgia 
Idaho 
Iowa 
Kansas 


Louisiana 
Maine 

Montana 

New Hampshire 
New Mexico 
North Carolina 
Oklahoma 


South Dakota 
Tennesseel 
Texas 
Vermont 
Virginie 


Jurisdictions with no coverage of occupational diseases are: Mississippi, 


Wyoming. 


1/ Employer may elect full coverage. 
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APPENDIX E-6 


JURISDICTIONS WHICH INCLUDE RADIATION DISEASES IN SCHEDULED COVERAGE 
Arizona: Ulcerations of the skin or destruction of tissue due to the prolonged 
exposure to Roentgen rays or radium emanations. 


Arkansas: 2/ Diseased condition caused by exposure to X-rays or radioactive 
substances. 


Colorado: Poisoning or disease caused by exposure to radioactive materials, 
substances, or machines, or fissionable materials. 


Georgia: Diseased condition caused by exposure to X-rays or radioactive substances. 


Idaho: Radium poisoning by or disability due to radioactive properties of sub- 
stances or to Roentgen ray (X-ray) in any occupation involving direct contact 
therewith, handling thereof, or exposure thereto. 

Iowa: Disability due to over-exposure to radiation from radioactive materials 


(includes radium) and machine produced ionizing radiations (includes X-ray 
machines). 


Kansas: Diseased condition caused by exposure to X-rays or radioactive substances, 
or exposure to ionizing radiation. "Ionizing radiation" means any process 
involving the use of direct contact with radium or radioactive substances or 
the use of or direct exposure to Roentgen rays (X-rays) ionizing radiation. 


Louisiana: Diseased condition caused by exposure to X-rays or radioactive 
substances. 


Maine: Disability due to radioactive properties of substances or exposure to 
ionizing radiation. 


Missouri: :2/pisability due to radioactive properties or substances or to Roentgen 
rays (X-rays) or exposure to ionizing radiation caused by any process involving 
the use of or direct contact with radium or radioactive properties or substances 
or the use of or direct exposure to Roentgen rays (X-rays) or ionizing radiation. 


Montana: Poisoning or disease due to exposure to X-ray or radioactive substances. 
Nevada; 2/ Radium poisoning. 


New Hampshire: Disability due to radioactive properties or substances or exposure 
to ionizing radiation. 


New Mexico: Ulceration of the skin or destruction of tissue due to prolonged 
exposure to Roentgen rays or radium emanations. 


New York:2/ Radium poisoning or disability due to radioactive properties of 
substances or to Roentgen rays (X-rays) or exposure to ionizing radiation. 

North Carolina: Radium poisoning or injury by X-rays. 

Oklahoma: . Diseased condition caused by exposure to X-rays or radioactive sub- 
stances -- also known diseases contracted by virtue of work connected with 


and directly traceable to fissionable materials or radioactive materials and 
not specifically listed herein. 


Ohio: 2/Raaiation illness -- any industrial process inyolving the use of radioactive 
materials. 
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Pennsylvania: 2/ Radium poisoning or disability due to radioactive properties of 
substances or to Roentgen ray (X-ray) in any occupation involving direct 
contact with, handling thereof, or exposure thereto. 

Puerto Rico;2/ Poisoning by radium and radioactive substances. 


Rhode Island; 2/ Radium poisoning or disability due to radioactive properties of 
substances or to Roentgen rays (X-rays). 


South Dakota: Ulceration of the skin or destruction of tissue due to the prolonged 
exposure to Roentgen rays or radium emanations. 


Tennessee: Beryllium and heavy metal poisoning and diseases or conditions caused 
by exposure to ionizing radiation from sources inside or outside the body. 


Heavy metals as used in this paragraph shall include all elements (or compounds 
thereof) with an atomic number of 80 or above. 


Texas: Diseased condition caused by exposure to X-rays or radioactive substances. 
Uteh:+ Ulceration of the skin or destruction of tissue due to the prolonged 
exposure to Roentgen rays or radium emanations. 


Vermont; Diseased condition caused by exposure to X-rays or radioactive substances. 


Virginia: Radium disability or disability due to exposure to radioactive substances 
and X-ray. 
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Coverage Under Second or Subsequent Injury Funds 


Jurisdictions with broad coverage type of subsequent injury funds are: 


Alaska 

California 
Connecticut 

Delaware 

District of Columbia 
Florida 


Longshoremen's and Harbor Workers' Compensation Act. 


Jurisdictions with narrow coverage type of subsequent injury funds are: 


Alabama 
Arizona 
Arkansas 
Colorado 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 


Jurisdictions with no subsequent injury funds are: 


Georgia 
Louisiana 


Hawaii 
Minnesota 
Missouri 
New Jersey 
New York 
Oregon 


Maine 
Maryland 
Massachusetts 
Michigan 
Mississippi 
Montana 
Nebraska 

New Hampshire 
North Carolina 
North Dakota 


Nevada 
New Mexico 


Federal Employees; Compensation Act. 


Puerto Rico 
Utah 
Washington 
West Virginia 
Wisconsin 


Ohio 

Oklahoma 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Vermont 


Wyoming 


Virginia 
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' APPENDIX E-8 
Waivers 
Waivers are not permitted in the following jurisdictions: 
; Alabama ! Louisiana North Dakota 
Alaska Michigan Oregon ; 
Arizona Mississippi Pennsylvania 
; California Missouri Puerto Rico ! 
5 Delaware Montana Rhode Island 
District of Columbia Nebraska Utah 
Florida New Jersey Washington 
Hawaii New Mexico! West Virginia 
Kentucky New York Wyoming 
No provision in the law, waivers not permitted in practice, according to the State workmen’s compensa- 
tion agency. 


Waivers are not permitted, except for special disabilities, in the following 
jurisdictions: 


A. For aggravation of condition, generally upon approval of workmen’s 
compensation agency: 


ap RTM LE SLE TT 


ARMA 4 oc ce cwcwwsupenaccacwcccs Silicosis or asbestosis.* 
CIEE. wal nmucnnnennetieemenmiaiadiil Occupational diseases. 
Rs dnnbcdnéncntedatinitimundubiamnel Silicosis or asbestosis.’ 
WS oe Uo eee eee Silicosis.? 

j ROGGE... cbsvinttmccncebenntaddmien Occupational diseases.* 

i SD, ch nncccnns<sihisireniiemelied Occupational diseases.? 

' EI iraiclbnpetsth dene cadiebnadmautenanai Silicosis.? 

§ North Carolipacss.......,...-.-. 9m. Silicosis.* 
CN ol on cecutiqamn hese siemimedied Silicosis.? 

GD CR 6 cccnccnphsisnendeemenn Occupational diseases. 

i Bout Deb 5 eee cscs Silicosis.* 

: TINGE. ¢ bi cits cncancndmntenbitiliea Occupational diseases. 
TE nniacbucandeinnndpnaiiaain Silicosis or asbestosis? 
VelGnNn... <8. o< awa ns aclemumetue ae mae Occupational diseases. 
Virgietignen4 £26 Sob ccs chbocndsuscacubs Occupational diseases. 


B. For other disabilities or conditions: 


Indiana: No employee may waive the provisions of the oceupational 
diseases act as to the amount of compensation payable except after ap- 
' proval by the Industrial Board. 


Ohio: A blind employee may waive compensation for injury caused by 
his blindness. 


Wisconsin: Epileptics and blind persons may elect not to be covered 
by the act for injuries resulting because of the blindness or epilepsy. 
Waivers are permitted in the following jurisdictions: 


Connecticut, for accidental injuries only, upon approval of the workmen’s 
compensation agency. 


Illinois, upon approval of the workmen’s compensation agency. 


; 


wa. 
KansasAjnine, upon approval of the workmen’s compensation agency.‘ 
Maryland. 


Massachusetts.5 


New Hampshire, for accidental injuries only, upon approval of the work- 
men’s compensation agency. 


4 In event of disability or death following waiver, limited amount of compensation, nevertheless, payable, 

+ A workman seeking employment may waive all claims for aggravation of his condition, a worker cor- 
tinuing in his employment and becoming disabled after a waiver will, nevertheless, receive limited benefits. 

* According to the workmen’s compensation agency, waivers have not at any time been itted. 

§ However, veterans disabled by military or naval service may not waive their rights under the law. 
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APPENDIX E-9 


TIME LIMITS FOR FILING AN OCCUPATIONAL DISEASE CLAIM 
(Covers lwertotors applicable to filing clorms for occupations! disease cases except those resulting m deoth, under the occupahons! disease provrsons.} 


Stor Date of lost 
1 . 


Alabomo 


year 
Alaska . . 2 yeors ' 

Arizona 60 days * 

Arkansas 2 yeors . 
California 1 year * 

Colorado 60 days * 

Connecticut 1 yeor 

Delaware | 6 months * 

RG EG Boo ti =1-c 08h * Sel ese nee sn phe bern: - addionen 1 yeor...... 

Florida . 2 years 

Georgia . 1 year * 

Hawa 2 years * 

tdaho 1 yeor 

Hhenors 3 years 
indiana S.gete os voi CAN Gee ne ores Kee Cove 

lowa 1 year * 
Kansas. . Oper? . dh bales ware cre ncn dbs tenes 

Kentucky 1 year ** 

Lovisiona 4 months '' 

Maine... .. ie; -| 1 year '* 

Maryland : 1 yeor ** 

Ms Sacra hb ered) -» 08 so sos aces teerewensesscenasen 6 months ‘* 

GER ee eee cet ccc ccc ccc coh onc c SS NDIIeTCED bla eOtd blac eee 3 yeors 

SERS SA A SOREN eek UT. ATEN. nceln eed css 6 yeors * 


See tootnate: ct ond of table 


LO 


a ery 


t 
¥ 
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Pennsylvania 
Puerto Rico *° 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 

Vermont 
Virginio 
Washington 
West Virginia 


Wisconsin 
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APPENDIX E-9 (Continued) 


TIME LIMITS FOR FILING AN OCCUPATIONAL DISEASE CLAIM—Continved 


(Covers limitations applicable to filing claims for occupational disease cases, except those resulting in death, under the occupational disease provisions.) 





| * year 


| 1 year 


[aren 


2 


No occupational disease coverage. 





1 yeor 


1 yeor 


60 days *’ 
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Two yeors after the employee hos knowledge of the nature of his disability and its relation to his employment. 

* Disability must result within 120 deys from exposure. 

* One year from the dete on which employee first suffered disability and knew or should hove known thet his disability wos coused by the job. 

* The employer must be notified within 6 months ond cloim must be filed with the Industria! Boord within 1 year after knowledge ond 5 yeors after 
last exposure. 

° Disablement must result within | yeor ofter lost exposure. 

* thay be waived if employer not prejudiced thereby. 

' Cloim must be filed within 2 yeors after disablement and disablement must occur within 2 years after last exposure. 

* For radiation diseases, within 2 yeors from the last day of injurious exposure and claim must be filed within 90 days after such disablement or ofter 
the employee had knowledge or thould hove known of his diseblement. 

* For diseases, within 3 yeors from dote of lost exposure. 

'° One yeor after employee first experiences o distinct manifestation of an occupational! disease or after date of last exposure, whichever dote is loter. 

'! Notice to employer within 4 months of gontroction of disease or 4 months of manifestation constitutes claim. 

'? For radiation diseoses, | year from the time the person claiming benefits knew or should hove known of the causa! relationship between his em- 
ployment and his incapacity, or after incapacity, whichever is later. 

'? Claim must be filed within | year after disablement ond disablement must occur within | year after the last injurious exposure but failure to file 
within such time limits may be woived under certain circumstances. 

‘* Within 6 months “after its occurrence.” However, foilure to make a claim within the 6 months shall not bar proceedings under cer- 
tein circumstances. 

'? Two yeors after employer reports occupationc! disease to commission, but not to exceed 6 years from date of accident. Disease must be contracted 
in employment within 12 months previous to dote of disablement. 

'* One year after it becomes reatonably discoverable and apparent thet a compensable injury has been sustained. 

*' Cloim must be filed within 30 days offer notice to employer. Notice must be filed within 30 days after worker's knowledge of the impoirment 
and its relation to the employment. Disability must occur within 120 days after last day of work for the employer against whom claim is mode (may be 
extended to | yeor). 

'* Within 6 months from dote of injury and disability must have commenced within 2 years subsequent to the dote of termination of the employment. 

'* One yeor from date of first treatment by o licensed physician. 

2° Within | yeor ofter the employee knew or ought to have known the nature of his disability and its relation to his employment and within 5 yeors 
after exposure. 

** Disablement must occur within 120 days after lest day of work for the employer against whom cicim is mode. 

22 With respect to certain slow-sterting occupational diseases including those due to ‘exposure to X-rays, radium, ionizing radiation or radioactive 
substonces’’ failure to file within said 2 year period shall not bor the claim provided it is filed thereafter but within 90 days after both disablement and 
knowledge thot the disease is or wos due to the nature of the employment... 

** Six months after diagnosis by o licensed physicion or within 2 years after disability. For radiation diseases, 6 months after diagnosis by a licensed 
physicion or within | yeor offer disability. Disability must occur within 8 yeors after last exposure. 

** Within 180 days from the date the claimant is informed of the disease by o physician or, becomes disabled, whichever is later, and within 7 years 
ofter last exposure. 

23 No time limit prevision 

** For radiation diseoses, | yeor after date employee first suffered incapacity and knew or should have known that the disease was coused by his 
employment 

* Within 60 days after cause of action. 

** One year from date claimant hes notice from physicion of his occupotional disease. 

* Within 2 years after the employee knew or ought to hove known the nature of his disability and its relation to his employment, or within 2 years 
from the ‘‘date of injury'’ (defined as last doy of work for lost employer whose employment caused disability). 

Nore: Except for rediation diseases, this table does not include special provisions for time timits for filing cloims that apply only to specified diseases, 
wweh as silicosis and asbestosis. 
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AppEenpIx E-10 
SampLe Provisions or Time Liwits For Finrinec Cais 


California 

The date of injury in cases of occupational diseases is that date upon which the 
employee first suffered disability therefrom and either knew, or in the exercise of 
reasonable diligence should have known, that said disability was caused by his 
present or prior employment. 

No * * * proceedings [for the collection of benefits] may be commenced more ~ 
than 1 year after the date of death, nor more than 240 weeks from the date of 
injury. 


Florida 


The right to compensation for disability under this chapter shall be barred 
unless a claim therefor is filed within 2 years after the time of injury, except that 
if payment of compensation has been made or remedial treatment has been furn- 
ished by the employer without an award on account of such injury a claim may be 
filed within 2 years after the date of last payment of compensation or after the 
date of the last remedial treatment furnished by the employer. 


Idaho 


Unless written notice of the manifestation of an occupational disease shall be 
given by the workman to the employer within 60 days after the first manifesta- 
tion thereof, and except in the case of silicosis within 5 months after the employ- 
ment has ceased in which it is claimed the disease was contracted, and, in case of 
death, unless written notice of such death shall be given within 90 days after the 
oceurrence, and, unless claim for disability, or death, shall be made within 1 year 
after the disablement, or death, respectively, all rights to compensation for dis- 
ability, or death, from an occupational disease s be forever barred. 


Kentucky 


The right to compensation under this act for disability resulting from an occu- 
pational disease shall be forever barred unless a claim is filed with the Workmen's 
Compensation Board within 1 year after the last injurious exposure to the occupa- 
tional hazard or after the employee first experiences a distinct manifestation of 
an occupational! disease in the form of symptoms reasonably sufficient to apprise 
him that he has contracted the disease, whichever shall last occur * * *. 


New York 


* * * The right of an employee to claim compensation under this chapter for 
disablement caused by compressed air illness or its sequelae, or by latent or de- 
layed pathological bone, blood, or lung changes or malignancies due to occupational 
exposure to or contact with arsenic, benzol, bervilium, cadmium, chrome, lead. 
or fluorine or to exposure to X-rays, radium or radioactive substanees, shall »-ot 
be barred by the failure of the employee to file a claim within such period of 2 
years, provided such claim shall be filed after such period of 2 years and within 
90 days after disablement and after knowledge that the disease is or was due to 
the nature of the employment * * *. 
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APPENDIX E-12 April 1960 
SELECTION OF DOCTOR UNDER STATE WORKMEN'S COMPENSATION LAWS 
State Selection of Doctor by: Workmen's Compensation Agency has 
Employer Injured authority to order change in 
Worker sician 

Alabama---------------- -@ 
Alask8-----~----------- 0000-022 ------- ~O-- --- +--+ = - = = - = === ---- -« 

Ari ZONB- -- <<< - << one nn enn nen nnn enn n-= ol/ mentee een nnn nn---- -@ 

8 Arkansas ---------------- Qa = a = on nn en nw = nnn nn nnn nnn nn nne -@ 
California-------------- e2/ 
Colorado---------------- ® 
Connecticut------------ >) en rn nn nen nn nn nee nen nen eee== -@ 
Delaware--------------- 
District of Columbia----@ 
Plorida- ----------------@2/ --2 022 oo nn nn en en nn nnn ene nee enna a 
Georgia----------------- Om mm nw a en nn nn nn en nn nnn nnn nn= -@ 
Hawaii--------------------------------- e 

f Idaho------------------ -e 

k Tllinois--------------- -® 

' SAND inecenccececen ew e3/ 
IOWA ~- -<--------2------ -@ 

i Kansas----------------- -06/ 

? Kentucky--------------- Oe = = nn nn ne oo on nn ne = = = ++ -® 
Louisiana--------------- e 
Maine------------------- e 
Mary land---------------- e 

f Massachusetts-------------------------- e 

& Michigan---------------- e 

i Minnesota-------------- -03/ EE ee 6 
Mississippi------------ -@ 
Missouri--------------- -03/ nn rr nr een nn een nena nnnn= e 
Montana----------------- e 
Nebraska--------------- ~0l/ 
Bsn ccencuadpoannkepneneeena El cnccdsssnecninnetian a 
New Hampshire------------------------- -@ 
New Jersey------------- 6 
New Mexico------------- -® 
New York------------22--22-22-------~- ee a2/ 
North Carolina--------- AF aiid hin it Sida Aliititilegnittclal *s 
North Dakota-----------------------.--- Quon 2 on on nn oon oes f 
beeline ot EAR canticnenvencanetan Dittedinmnaticinndnaitiansin ail/ 
Ok lahoma--------------- AQ am nn nnn nn en no een ooo eo + +--+ === + & 
Oregon-------------------------------- @------------------------- -@ 

f Pennsylvania------------ @ 

*% Puerto Rico------------------------------------------------------ -el2/ 
Rhode Island----------------------.---- -@ 
South Carolina--------- eu ncccwncccccwoncnccccoccccwccncecccccoce -© 

5 South Dakota------------ * 

: QRNNGR sn ccccdccaterabencncesenese -@)3/ 
Texas------------------ ~@-------------- +--+ + oo ee eo ee oe e 
Uteh-------------------. * 
a e4/ 

; Virginia---------------- @----------------------------- +--+ ------- e 

Washington----------------------------- @------------------------- -® 
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L/ The employer may designate in writing a physician who shall be permitted 
by the employee to make one examination. 


2/ Employer shall tender one change of physician at employee's request from 


a panel of 3 doctors and provide a consulting physician in any serious 
case, if requested. 


3/ Includes treatment by prayer or spiritual means under certain circumstances. 
4/ Employee may change physicians with the approval of the Board. 


5/ If employee objects to the medical attendance the employer is required to 
select another physician. 


6/ Employee may consult another physician of his own choice when employer 
selected physician is not satisfactory. 


/ In cases of injury requiring dismemberment, or injuries involving major 
surgery the employee may designate the physician or surgeon. 


The employer may designate a physician who shall be permitted by the 
employee to make one examination. 


9/ From authorized list compiled by Chairman of Workmen's Compensation Board. 
10/ Employee may select a physician subject to the approval of the Commission. 


l/ The Industrial Commission may order a change in physician but mst select 
not less than 3 licensed physicians or surgeons from which the injured 
worker is to select one doctor. 


1l2/ Manager of Fund designates physician. Employee may appeal to the 
Industrial Commission. 


13/ From a group of three or more designated by the employer. 


14/ If dissatisfied with physician selected by employer, worker may select his 
physician upon written notice to the employer. 


15/ From a panel of physicians named by the employer and ready to treat 
employees. The employee may make two selections from the panel. 
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APPENDIX E-13 


RATIO OF MAXIMUM WEEKLY BENEFIT FOR TEMPORARY TOTAL DISABILITY 
TO AVERAGE WEEKLY WAGES BY STATE ' 














Alabama 
Alaske 
Arizona 150.00 $156.90 85.91 182.63 
Arkansas 35.00 59.48 58.84 
California 65.00 97.38 66.75 
Colorado 40.25 86.78 46.38 
Connecticut 50.00 90.88 55.02 
Delaware 50.00 95.53 52.34 
District of Columbia 54.00 85.22 63.37 
Floride 42.00 74.43 56.43 
Georgia 30.00 67.42 44.50 
Howaii 75.00 69.18 108.41 
Idaho. . . 28.00 41.00 77.60 52.84 
Minois 45.00 48.00 96.36 49.81 
Indiana | 39.00 | 90.52 43.08 
lowo 44.00 79.46 55.37 
i Konsos 38.00 81.40 46.68 
Kentucky 36.00 76.42 47.11 
‘ Lovisione 35.00 78.15 44.79 
| Maine 39.00 70.30 55.48 
E Maryland 40.00 | 79.64 50.23 
i Massachusetts 45.00 | 63.00 80.70 78.06 
F Michigan 33.00 45.00 102.44 43.93 ° 
Minnesote 45.00 83.52 53.88 
Mississippi 35.00 61.30 $7.10 


% See feomotes at end of table. 
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APPENDIX E-13 (Continued) 


RATIO OF MAXIMUM WEEKLY BENEFIT FOR TEMPORARY TOTAL DISABILITY 
TO AVERAGE WEEKLY WAGES BY STATE '—Continued 
Meximum weekly 


temporary toto! 
disability benefit for 



















Moximum weekly 
temporary toto! 
disability benefit for 
worker, wife, and 2 
children 


dependent 
where additional 
compensation 's allowed 









































Missouri 

Montono 

Nebrasko 

Nevado 

New Hompshire 

New Jersey 42.93 
New Mexico 46.73 
New York 47.75 
North Caroline 55.41 
North Dokote 59.69 
Ohio 52.24 
Oklahoma 43.61 
Oregon 58.82 
Pennsylvania 50.83 
Rhode island 43.06 
South Carolina 57.29 
South Dokota 48.88 
Tennessee 47.79 
Texos 43.73 
Uteh 55.49 
Vermont 55.77 
Virginio 49.70 
Washington 53.35 
West Virginia. . 41.35 
Wisconsin . 61.54 
Wyoming 61.16 


Puerto Rico 


‘ phaximum weekly benefits bosed on worker, wife, and 2 dependent children. Average woges bosed on wages of workers covered under Stote Un- 
employment insurance lows for 1958. Maximuin weekly benefits os of December 1959. 
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ACTIVITIES OF THE NATIONAL ACADEMY OF SCI- 
ENCES-NATIONAL RESEARCH COUNCIL RELATED TO 


THE BASIS AND USE OF RADIATION PROTECTION 
CRITERIA AND STANDARDS’ 


(April 1960) 


The National Academy of Sciences-National Research Council is a 
nongovernmental agency of scientists, established by act of Congress 
in 1863 to further science and to advise the Federal Government in 
scientific matters. The National Research Council, a part of the 
organization of the Academy, was established in 1916 as a mechanism 
for associating the efforts of the scientific and engineering societies of 
the country, and of scientists generally, with the aims and purposes of 
the Academy. 

The ‘Acadeiny Besbareh Council has no specific charge by law in 
the field of radiation protection criteria and standards. As. in other 
fields, however, it has served for many years to bring together scien- 
tific knowledge and opinion and to prepare scientific advice with 
regard to many aspects of atomic radiation and its physical and 
biological effects. 

Principal current activities of the Ate ee ce Council re- 


lated to the problem of criteria and standards for radiation protection 
are outlined below : 


COMMITTEES ON THE BIOLOGICAL EFFECTS OF ATOMIC RADIATION 


These were established by the Academy-Research Council in 1955 
as continuing committees to review and summarize the full body of 
scientific information on the biological effects of atomic radiation, to 
identify problems especially in need of research emphasis, to suggest 
fruitful directions for research effort, and to make such recommenda- 
tions as they deem appropriate with regard to problems in this broad 
field. Six in number, these committees cover the fields of genetic 
effects of atomic radiation, pathological effects, meteorological aspects, 
agriculture and food supplies, oceanography and fisheries, and prob- 
lems of waste disposal and dispersal. 

Their first summary reports were issued in June 1956. Subse- 
quently, the committees continued to consider particular aspects of 
their fields, and a number of detailed reports were issued. New sum- 
maries were begun in the autumn of 1959, culminating in a new 
volume of summary reports, to be issued early in May 1960, which 
will bring the 1956 summaries up to date. ‘ 

Supported by the Rockefeller Foundation, these committees can be 
expected to continue in the future, giving special study to individual 
problems from time to time, and preparing over-all summaries at such 
times as seem appropriate in the light of accumulating scientific 
information. 

+ Submitted by S. D. Cornell, Executive Officer, NAS—NRC. 1059 
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ATOMIC BOMB CASUALTY COMMISSION 


Since 1948 the Atomic Bomb Casualty Commission, operated by the 
Academy-Research Council under contract with the Atomic Energy 
Commission, has been conducting a long-range continuing study of 
the biological and medical effects of the atomic bomb on man. 1is 
medical-epidemiological research is seeking statistically valid effects 
of radiation on the largest available human population stressed by 
ionizing radiation. With the increased participation by the Japanese 
National Institute of Health, the medical findings are being published 
as ABCC technical reports in a bilingual Japanese-English format, 
and in scientific journals. 

Concurrent with the program in Japan, an extensive study of radia- 
tion dosimetry is being made by Oak Ridge National Laboratory. 
This AEC study will assist greatly in refining data on the dose of 
ionizing radiation received by survivors in Hiroshima and Nagasaki 
who had benefit of shielding at the time of the bomb detonations, 
The correction of radiation doses by a shielding factor should make 
more valid the direct comparison of doses received with medical effects 
observed. 

The genetic effects which resulted from the atomic detonations were 
studied by ABCC from 1948 to 1954. The findings were reported in 
the scientific literature and in NAS-NRC publication No. 461 en- 
titled “The Effect of Exposure to the Atomic Bombs on Pregnancy 
Termination in Hiroshima and Nagasaki.” 


STUDY OF EXPOSURE EFFECTS AMONG RADIOLOGISTS 


A followup, cohort study of the mortality and morbidity of “board- 
certified” radiologists, and the comparison of the findings of this group 
with members of other board-certified medical disciplines is now being 
pean supplementing other surveys in the field. The American Col- 
ege of Radiologists, whose members represent a defined population 
with radiation exposure, is establishing a registry where data for the 
study can be accumulated. The College of American Pathologists has 
been asked to record similar data, and other specialty societies will 
be invited to join in the study shortly. 

Several members of the staff of Johns Hopkins University School 
of Hygiene and Public Health have accepted the responsibility for 
liaison with the registries, and the Division of Medical Sciences of the 
Academy-Research Council is the coordinating agency. 


COMMITTEE ON SANITARY ENGINEERING AND ENVIRONMENT 


A Committee on Sanitary Engineering and Environment has been 
concerned with the following fields related to radiation protection : 

(a) radiation contamination of jet aircraft at various ele- 
vations ; 

(6) radionuclide contamination of raw waters from fallout, 
accidents, and power reactors ; 

(c) removal of radioactive contamination by conventional wa- 
ter treatment processes ; and 

(d) disposal of radioactive wastes from nuclear powerlants. 
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RADIOACTIVE WASTE DISPOSAL 


A committee of the Division of Earth Sciences of the Academy-Re- 
search Council has for several years been advising the Atomic Energy 
Commission on the feasibility of disposal of atomic wastes in deep geo- 
logic structures, while the Committee on Oceanography of the same 
division has advised on disposal at sea. 


RADIATION CATARACTS 


From 1949 through January 1957, the Division of Medical Sciences 
of the Academy-Research Council, with financial support of the 
Atomic Energy Commission, conducted an investigation of the inci- 
dence of cataracts in physicists exposed to ionizing radiation from 
cyclotrons. Ophthalmological examinations were made during this 
period on 13 physicists at Johns Hopkins University Medical School, 
and the findings have been reported in the medical literature. This 
year 11 of the physicists reported again for their eye examinations. 


RADIATION BIOLOGY IN SPACE . 


This field is of interest both to the Space Science Board of the 
Academy-Research Council and to the Armed Forces-National Re- 
search Council Committee on Bio-Astronautics. A Panel on Radia- 
tion Biology of the latter committee has been formed. It will under- 
take to evaluate information on the radiation hazard in satellite and 
interplanetary travel. It will consider questions needing further 
laboratory research and will make recommendations for radiation ex- 
periments in satellites. 

Other groups in the Academy-Research Council are concerned with 
the basic physical and biological science of radiation, contributing to 
the fundamental knowledge on which reliable criteria and standards 
for radiation protection must ultimately be based. 
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CHAPTER 8 COMMENTS ON 1959 JOINT COMMITTEE ON 
ATOMIC ENERGY HEARINGS SUBMITTED BY THE DE- 
PARTMENT OF HEALTH, EDUCATION, AND WELFARE 
AND ATOMIC ENERGY COMMISSION 


Tue Secretary or Hearru, Epucation, AND WELFARE, 
Washington, April 25, 1960. 
Hon. Cuinton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
U.S. Senate, Washington, D.C. 

Dear Mr. CuatrMan: In accordance with the instructions we have 
received from the Federal Radiation Council, this Department has 
reviewed the reports of the hearings which were transmitted to the 
Council on November 9, 1959. 

As implied in the letter addressed to you on December 31, this 
Department has coordinated its reply with the Atomic Energy Com- 
mission. However, neither the Atomic Energy Commission nor this 
Department has made any effort to review the reply of the other 
agency. 

First, in the review within this Department we have sought, the 
opinions of the several participating groups and others that might be 
affected by the development of atomic energy. It is clear that from 
both the technical and the policy viewpoint the staff le concerned 
feel that your committee has made an invaluable contribution. The 
hearin rought out clearly both the known and unknown factors 
through the data and opinions of witnesses with a wide range of expert 
competence in technical, health, legal, and administrative aspects of 
nuclear development. 

We have chosen to divide our reports in accordance with the outline 
which you provided. All of these comments should be considered 
in the light of the overall contribution which we believe these hearings 
have made to the national welfare. Individual reports related to each 
of the hearings are attached which contain our detailed comments. 

Sincerely yours, 
Arruur 8S. Fiemmina, Secretary. 


1063 
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REVIEW OF JOINT COMMITTEE ON ATOMIC ENERGY HEARINGS 
ON 
FALLOUT FROM NUCLEAR WEAPONS TESTS 


The staff of the Department of Health, Education, and Welfare believes 
that these hearings offered ample opportunity to bring out most of the factors 
related to fallout from nuclear weapons tests. The emphasis that was placed 
on standards both for the general population and the radiation worker indicates 
that the principal message which our staff was trying to make through their 
appearance at the hearings was understood by the Committee both in terms of 
immediate health, economics, and military planning effects, and in terms of 
the long range welfare of the peoples throughout the world. 


We concur with the comments in the summary regarding the lack of 
information on the so-called hot spot problem and the importance of short- 
lived isotopes in fallout occurring far away from the test site. In future 
hearings it might be well to emphasize these factors, and this Department 
is procuring additional data on these situations. On the basis of the in- 
formation available to us, this lack of emphasis in these areas was princi- 
pally due to the lack of program in the past rather than to the planning of 
the hearings. Most of the ambiguities in the existing NBS handbooks have 
been clearly pointed out in the hearings, and have been formally recognized 
by the Committee through the creation of the Federal Radiation Council. 


There is one point relative to standards that we did not emphasize 
in the hearings. It is now apparent to us that standards for the protection 
of the general public against radiation exposure must include allowance for 
the behavior of these materials in such substances as water as well as 
knowledge of their behavior in the human body. Data as to the fate in the 
environment are exceedingly scarce, and it is therefore suggested that the 
MPC's presently available be interpreted only with great caution in terms of 
their measurement at any point other than at the point of consumption. 


Although the standards are designed on the basis of total exposure, 
the tabular form of the MPC's tends to make people forget that allowances 
must be made for totalling up internal exposures from all sources (e.g., 
water, milk, food), for exposures from other isotopes and from external 
irradiation. This was the point that Dr. Selove mentioned during the hearings, 
and one which must be observed if we intend to follow the recommendations of 
the NCRP. The proper allowances for other exposures can tend to make the 
recommended working level for an isotope like strontium-90 much more restric- 
tive than the tabulated form, since strontium-89 and radium-226 often occur 
in the human diet in significant amounts where strontium-90 is present. 

Some of these factors, which tend to change the recommended numbers by sub- 
stantial amounts should be emphasized in the publication of any proposed 
standards, so those who are not familiar with biophysical calculations on & 
day-to-day basis will not tend to overlook these details, which are of the 
utmost importance when environmental levels approach the MPC's. 
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Several staff scientists while concurring with your concern for the 
geographical hot spot and short-lived isotope problems also believe that 
there are physiological and population hot spots which may be as important 
as geographical hot spots. One of the physiological hot spots is younger 
children and fetal age groups as compared to the standard man. Another is 
the difference in exposure actually received by population groups having 
marked differences in basic diet. For example, the actual metabolic uptake 
of strontium-90 in high-calcium vs. low-calcium areas and diets. Another is 
the relatively large dose of radioactive iodine that is picked up by the 
thyroid through the quick assimilation and concentration. Even though the 
short half-life of this isotope both physically and biologically tends to 
allow a high calculated MPC, the fact remains that small portions of tissue 
in infants and fetuses can receive relatively high dosages during short 
periods of time, and before it can be measured unless programs are developed 
in advance of exposure. 


To compensate for some of the deficiencies in our own data on milk, 
we have re-organized our milk sampling program and have tried to place it in 
a position where it will recognize and be proportionate to the actual con- 
sumption of milk by people throughout the United States. Presently it is 
being transformed to a 60-station network based upon consumption and popula- 
tion data. When this network is fully in operation, probably in June of 
1960, we should have a fair idea of where the hot spots for strontium and 
its associated isotopes are under present conditions, or if there really are 
any hot spots. 


The Public Health Service is planning to modify its networks so all 
of them are related or can be related to the rates of intake of radiation 
by the people. Concurrently it will try to revise the analytical work so 
these networks will reflect actual exposure conditions either by nuclides 
or by other isotopic groups or energy levels of exposure. Wherever possible 
and practical, an attempt will be made to secure biological samples which 
will assist in some of the intermediate estimates applied in calculations 
to relate strontium-90 levels in the environment to the point of human deposi- 
tion. Where levels are sufficiently high to suspect that effects may have 
occurred which may be measurable through epidemiological technics, some 
effort will be made to check any patterns of illness and death that may pos- 
sibly be related to this exposure. In most places up to the present time it 
is probable that the epidemiological evidence will be negative rather than 
positive. However, under the circumstances, some checks appear warranted. 
In addition to these based upon staff review, the items you have particularly 
pointed out in your summary from pages 6 to 9 will now be discussed in the 
order in which you have listed them. 


Uptake of radioisotopes: Certainly the questions relative to the 
rate of uptake of radionuclides in man remain unsolved at the present time. 
The Public Health Service recognizes that we could either over- or under- 
estimate the significance of these things both for the so-called "standard 











1066 RADIATION PROTECTION CRITERIA AND STANDARDS 


man" and for specific land and diet areas. Therefore, in accordance with 
your summary, we are endeavoring to determine the uptake in man through appro- 
priate biological samples in all areas where radioactive levels, or perhaps 
in the future some malformations or other criteria, will suggest that such 
biological samples are in order. Concurrently, sufficient radiation data 
will be collected so that biological sampling can be correlated with environ- 
mental sampling either before or after the effects are noted. 


Biological effects of radiation: It is apparent from your summary 
and also from several exchanges between the membership on the Committee and 
witnesses that it is generally believed that our present maximum permissible levels 
are based upon an intended conservatism and wisdom on the part of the members 
of national and international committees. As long as this is the case, all 
scientific and health groups should make every effort they can to discern 
the human biological effects of low levels of radiation, because the stakes 
are high both in terms of health effects and also in terms of national economic 
welfare and possibly of military preparedness. It would be very difficult 
for a committee, such as the Joint Committee on Atomic Energy, to over- 
emphasize the need for this type of information. It is felt that your remarks 
in this regard are pertinent in view of our lack of information, and represent 


a concise summary of our present knowledge in spite of the large amount of 
work that has been done. 


Hot spots and their significance: This has largely been covered by 
the earlier comments. 


Significance of short-lived isotopes: This has largely been covered 
by earlier comments. 


Significance of carbon-14: In view of the importance of carbon in 


all of life's processes it seems improbable that radioactive carbon always 
acts in the same way biologically as other radiations and radioisotopes. 
However, calculations of probable effects for this isotope are usually made 

on the same basis as for other isotopes. It is our feeling that your synopsis 
of the available information relative to the problem is fair, and that agencies 
concerned with radiation and fundamental biology should endeavor to place 
greater emphasis on the understanding of intracellular effects as well as on 
methods of calculating the resultant impact to populations in the future. 

It may be that similar reasoning should be applied to such isotopes as 


’ tritium since, like carbon, it forms specific molecular links because it is 
@ constituent of all protoplasm. 


Maximum permissible dose and maximum permissible concentration: Your 
conclusion that “each controversial situation involving fallout exposure is 
evaluated on an ad hoc basis but with little understanding or agreement on 
how the evaluation is done” is certainly a fair statement of the past history 
of evaluations in this area. It is our belief that the Federal Radiation 
Council, which was established by Congress through its over-all review of 
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radiation exposure, will focus attention on the difficulty of applying 
maximum permissible concepts to general population exposure. It is felt that 
part of the difficulty at present and during the recent past has been due to 
the attempts of various scientific groups to apply a concept largely oriented 
towards a permissive, employee-employer relationship to the environment and 
to the general public. This concept, while very satisfactory for its original 
purposes, leaves much to be desired when large-scale exposure to a vast 
spectrum of people is under consideration., In spite of the difficulties and 
misunderstandings which rise from their use, MPC's or some such standards 

or guides are essential for effective program operation. For example, we 
expect to complete our current revision of the Public Health Service drinking 
water standards some time this year. However, at the present time we have 
not reached a definitive conclusion. 


Once scientific thought becomes concentrated on fundamentals, it is 
expected that we will see greater uniformity on the broader issues involved 
in these matters and thus a uniform basis for many of the calculations and 
evaluations in the future. 


Effects of past and future tests: The Committee is justifiably con- 
cerned with the close relationship between the calculated maximum permissible 
burdens and the predicted concentrations in the bone from weapons tests. 

The Department of Health, Education, and Welfare shares this concern. The 
Department will attempt to develop biological and epidemiological data on 

the basis of a uniform sampling procedure applied over large population groups 
to see if this concern is or is not justified. These data depend upon many 
factors as well as requiring a substantial level of effort. When these 

human data are accumulated, the prediction groups, both in the military and 
civilian agencies, will have a better basis for understanding what future 
weapons tests might do to all ages of the population and to a variety of 
population groups. 


General comments regarding certain health program aspects discussed at this 
and some other hearings in the same series 


It was obvious to most health professionals who actively participated 
in these hearings, or heard such testimony, that the present program is 
incomplete in terms of closing the gaps disclosed in this area. These gaps 
are most obvious in the public health area where, as the Chairman of the 
Special Subcommittee and others pointed out, difficulties in financing a 
public health type of program have appeared. The Committee members, in- 
cluding the Chairman, appeared to feel that more support was warranted here. 
The disclosure of these gaps in the public health area during these hearings 
may have played a part in the decision of the Appropriations Committee to 
increase the support of the Department of Health, Education, and Welfare's 
program. At any rate, this increased support has resulted in a good start 
toward meeting the unfilled needs of the area, but a considerable expansion 
is still required in the radiological health program of the organized Federal- 
State-local health agency complex before all the basic needs can be met. 
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REVIEW OF JOINT COMMITTEE ON ATOMIC ENERGY HEARINGS 
ON 
EMPLOYEE RADIATION HAZARDS AND WORKMEN'S COMPENSATION 


The staff reported that they were satisfied that the outline of 
this group of hearings covered the pertinent points involved in employee 
radiation hazards and workmen's compensation. It appears that representative 


people interested and active in this field had an opportunity to present 
statements. 


The idea of presenting a list of areas of agreement is good, and cer- 
tainly the Public Health Service believes that there is a wide area of agree- 
ment in those listed in page 3 of the summary. Under the areas of disagree- 
ment it is certainly fair to state that the question of Federal legislation 
and Federal control relative to State legislation and State controls is - 
probably a most important issue. However, we in the Department of Health, 
Education, and Welfare prefer to think of this as a continuing opportunity 
as well as a continuing problem. It is our intention to try to study and 
learn as much about this situation as possible and to use the strong points 
of both systems so a good health system of control and evaluation will be 


available to the employee and yet protect the employer from unnecessary 
regulation and unjustified litigation. 


In accordance with your listing of possible courses of action, we 
have already sent transcripts of hearings to the participating health depart- 
ments. We are cooperating with the Office of Health and Safety of the Atomic 
Energy Commission to encourage the proper use of isotopes, and we are assisting 
the State health agencies by the assignment of trained personnel. Short 
course training of State employees is expanding and we are providing a 
limited number of stipends for State employees through provisions of our 
Public Health Training Act. Concurrently, we are training twenty-five Public 
Health Service officers for assignment to States to enforce regulations and 
codes designed to prevent excessive occupational exposures to radiation. We 
are also working with the Atomic Energy Commission and the National Committee 
on Radiation Protection and the American Public Health Association to develop 
regulations and codes which are uniform and which can be adopted by the States. 


Since the hearings we have been approached by our officers who are 
assigned to the Bureau of Employee's Compensation to learn if there is any 
way of developing a uniform protocol for the assessment of radiation exposure 
and radiation injury. This is a very difficult field for both the employee, 
the employer, and the industrial physician. However, in our opinion it is 
not too early to start working on a suitable protecol for determining the 
probability of radiation injury under a variety of exposure conditions even 
though it may be impossible to determine with accuracy that the particular 
condition arose from a particular exposure event. 
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In line with this it is very important to insist that all industries 
and all users of radiation maintain an adequate system of records so the 
companies which do the most to protect the worker will not be falsely accused 
because they happen to have the greatest number of detailed records. 


It is hoped that the Public Health Service, working with the Bureau 
of Employee's Compensation, will be able to present some method of approach 
in the future even though it cannot do so at the present time. 
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REVIEW OF JOINT COMMITTEE ON ATOMIC ENERGY HEARINGS 
ON 
BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF NUCLEAR WAR 


Within the limits of the hearing method the Committee approached this 
problem in a very reasonable way, namely that of selecting a hypothetical 
attack and building the hearing upon this method. 


As you know, the Department is not a major agency in the field of 
national defense nor in the field of estimating enemy capabilities. We do 
have, however, within the Public Health Service, an organization which works 
closely with the Test Organizations of the Atomic Energy Commission and the 
Department of Defense in providing protection for people in the environs of 
test sites. This plus our other environmental experience has provided a 
background which the defense-related. agencies can utilize if the United 
States should be attacked. The Public Health Service as one of the uniformed 
Services is closely tied to the military and is capable of response in a 
matter of hours. This is true not only because of excellent communications 
with the AEC and the military, but also because we usually have both military 
and civilian transportation capabilities quickly made available to us, and 


especially because of a long-standing intimate working relation with the 
State Health Agencies. 


From the standpoint of protection of the community, it is our belief 
that a thorough grounding in radiation measurements and radiation effects 
for all agencies interested in health and the protection of environmental 
media will be much more effective in meeting an actual emergency condition 
than will any element of prognostication based upon hypothetical attacks. 
It has been our experience that there is always some unique type of protection 
or unique type of serious radiation exposure which governs under practical 
conditions. Therefore, the availability of well-trained people experienced 
in weapons-testing radiation protection, fully integrated into the State and 
Federal Health and command agencies, with adequate transportation and communi- 
cations for discussions and command decisions, can suggest methods of approach 
and make decisions which will result in significant reductions in the dose 
levels that are received regardless of the type of attack and even if the 
attack should in effect be overwhelming. 


The phase of a national system where the Department would undoubtedly 
make its greatest contributi on has been designated on page 45 as Phase 3. 
This phase would continue for a long period of time, and it is probable that 
radiation levels would have to be accepted under these conditions which we 
would not wish to accept in prenuclear war times. During the earlier phases 
adequate effective warning which will get the people into the shelters as 
quickly as possible and keep them there as long as possible is undoubtedly 
as important as adequate shelters per se. Likewise, during the recovery phase 
it is important to handle and remove only that nuclear debris which absolutely 
must be removed, because each effort to decontaminate will be accompanied 
by a concurrent change in the radiological situation which will tend to expose 
other people to increases in radioactivity. 
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It is doubtful if any more detailed types of prognostication will 
enable the health agencies to better meet their responsibilities at the time 
of nuclear war. Continued close association with the military and the 
Office of Civil and Defense Mobilization, and over-all strengthening of 
State and local health organizations in all phases of radiological health 
to insure their maximum intellectual and facility capability at that time 
are essential, rather than pointing to some particular type of nuclear war 
as a target for their readiness efforts. 


54561 O—60——_69 
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REVIEW OF JOINT COMMITTEE ON ATOMIC ENERGY HEARINGS 
ON 
FEDERAL-STATE RELATIONSHIPS IN THE ATOMIC ENERGY FIELD 


This Department had opportunity to make several presentations both 
prior to and during the hearings. It is assumed that Public Law 86-373 
enacted on September 23, 1959, in effect serves as a summary of the hearings. 


It is our belief that this Act provides a reasonable basis for the 
initiation of State activities in this field. 


Therefore, since the hearing we have actively participated in the 
work of the Federal Radiation Council and intend to help make this an effec- 
tive instrument in the development of national policy. Through the Council 
and by direct contact, we are working with the Atomic Energy Commission in 
an effort to develop the health agency phases of this program, both by train- 
ing and by technical assistance. The Department is establishing three ser- 
vice laboratories which will help the States with the more difficult labora- 
tory procedures. These laboratories will also be available for providing 
internship-type experience. We have informed the AEC that we will make 
special efforts to assign our personnel to those States which can best con- 
tribute to carrying out the provisions of this Act. The AEC has reciprocated 
through participation in our meetings with the State organizations. 


It is believed that the hearings as supplemented by the Act will prove 
to be an effective instrument in the development of effective Federal-State 
relations in the atomic energy field. 
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U.S. Aromic Enrercy ComMiIssion, 
Washington, D.C., April 9, 1960. 
Hon. Cuinton P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 

Dear Senator ANDERSON: Reference is made to (1) the letter of 
November 9, 1959, signed by you and Congressman Holifield to the 
Honorable Arthur S. Flemming, Chairman, Federal Radiation Coun- 
cil, relative to reviews of four congressional hearings and reports and 
(2) the Honorable Arthur S. Flemming’s letter of December 31, 1959, 
to you and Congressman Holifield. The latter letter indicated it would 
be appropriate for the Department of Health, Education, and Welfare 
and the Atomic Energy Commission to reply directly to you regard- 
ing the reviews. 

Relative to the “Hearings of Federal-State Relationships in the 
Atomic Energy Field,” it is our feeling that section 274 of Publie Law 
86-373 which resulted from your hearings of 1959 provides a workable 
charter for the Commission and the States. Our staff has had a 
number of informal contacts with State officials on the program pro- 
mulgated by section 274. At this time we have no suggestions to offer 
for its possible improvement. 

As you have been informally advised, we will have before us for 
early consideration a set of criteria which will be proposed for public 
consideration and to the States for use in negotiating agreements 
whereby the Commission will pass to the States regulatory responsi- 
bility for the safe handling of byproduct material, source materials, 
and special nuclear materials less than the critical mass. The pro- 
posed criteria are based on the essential features of the Commission’s 
current program. With the general acceptance of these criteria, ap- 
propriate legislative programs and regulations will be suggested speci- 
fically to implement the criteria and for possible use by the States, 

As Commissioner John Graham indicated in his testimony during 
the 1959 hearings, we look at the present agreement step as one of a 
developing program which will require continuing review and pos- 
sibly modifications as experience is gained. We will continue to ad- 
vise you of progress and problems which are encountered as the pro- 
gram develops. 

Our comments on hearings and reports on “Employee Radiation 
Hazards and Workmen’s Compensation” are somewhat longer and are 
presented as an enclosure. 

Our review of the hearings and report for fallout from nuclear 
weapons tests and biological and environmental effects of nuclear war 
is not complete and will require additional time. We will forward our 
comments on these reports to you promptly when our review is 
complete. 

Sincerely yours, 
A. R. Luepecke, 
General Manager. 
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COMMENTS ON HEARINGS AND REPORT ON EMPLOYEE 
RADIATION HAZARDS AND WORKMEN'S COMPENSATION 

At the outset of the hearings, Subcommittee Chairman Price outlined 
the objectives of the hearings to be: (1) providing a forum for discus- 
sion ot the many complex problems involved in this important aspect of 
peacetime atomic development; and (2) compiling pertinent information 
for the guidance of State and Federal Governments. We believe that the 
hearings admirably accomplished these objectives and that there are not 
significant omissions of material necessary to this purpose. We believe, 
also, that the statement of areas of agreement adequately reflects the 
agreed needs or action objectives developed in the testimony, 

Since the close of the hearings, the Federal Radiation Council has 
been established to deal with area "1" (coordinated guidance on adequate 
standards). The establishment of this Council is consistent with alterna- 
tive course of action "10" of the report. ° 

AEC has continuing programs under way directed to alleviating the 
needs in areas "2" (radiation effects), "3" (training), "4" (enforcement), 
"6" (information), and "7" (emergency planning). 

In area "5" (centralized records), there are several questions yet 
to be resolved. The problem has been pointed out very clearly in the 
case cited by Dr. Williams (p. 163). The best answers are not clear at 
the present time as to (1) whether records should be kept at the 
federal, state, corporation, agency, or some other level; (2) the 
groups of persons for which records should be kept; (3) what sources 
of radiation should be included on the records. These questions are 


tied intimately with the purposes the records are to serve. 
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Area "8(e)" states that compensation laws should include 
"standards by which the causal wal dkteusttp between exposure and 
subsequent disability can be established (i.e. a mechanism by which 
there would be a presumption of causal relationship or guidelines 
incorporated into the law to accomplish this result.) 

The possibility of such a provision was discussed but not 
adopted, in the conferences conducted by the Council of State Govern- 
ments which led to the suggested legislative program appearing on 
p. 214 of the Selected Materials, 

The basic problems involved in formulation of an equitable pro- 
vision of this kind were set forth on page 80 of the Joint Coumittee 
Print of "Selected Materials on Employee Radiation Hazards and Workmen's 
Compensation" as follows: 

"(1) It is impossible for a workmen's compensation program to pro- 
vide compensation for all cases of occupationally connected disease or 
disability without also providing compensation for nonoccupationally 
connected cases of disease or disability in several major classes of 
disease. ..." 

"(2) Examination of the principal diseases which are known to be 
producible by exposure to large doses of radiation does not disclose any 
hazards from exposure to radiation which are known to be unique in the 


field of occupational health. ... " 
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While we agree that Workmen's Compensation Laws should, insofar 
as practicable insure that all cases of occupational injury are com- 
pensated, we consider the relationships between exposure to radiation 
and resultant injury are of such nature that this cannot be accomplished 
without extending the coverage far beyond that commonly afforded for 
other occupational diseases. We suggest that any extension in the 
theory of coverage in Workmen's Compensation should be as uniform as 
possible throughout the field of occupational disease and especially 
that such extension in the field of radiation protection should be 

o effected only with full understanding of its broad implications. 
We believe that this subject warrants further discussion between 


the Council of State Governments, the International Association of 


AOL S EERE ee 


Industrial Accident Boards and Commission, the Department of Labor 


stare 


and the Atomic Energy Commission. We shall be glad to participate in 


7% 


such discussions and to provide all possible assistance in evaluation 


of the issues involved. 


PREBSES 


Turning, now, to the possible courses of action listed in the 


report, it is noted that alternative "1"" (hearing transcript to states) 
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and alternative "10" (Federal Radiation Council) have already been 
adopted. The JCAE is in a better position than is AEC to judge whether 
passage of a congressional resolution for transmission to one states 
(alternative "2") would further emphasize the action already taken, 

We do not believe it would be wise to adopt alternative "3" (amend- 


ments to the Walsh-Healy Act), alternative "4" (a special tax on certain 


AEC licensees), or alternative "5" a refusal to issue licenses in certain 
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states). It appears that alternative "3" might seriously circumscribe 
the areas of government quanmnnnes: With respect to "4" and "5", we 
do not believe the suggested actions by the federal government to be 
epecnpeiete . 

In respect to alternative "6" (personal visits to the states), 
the work through the IAIABC channel probably accomplished substan- 
tially.the same end, However, this suggestion has been discussed with the 
Department of Labor and will be given further consideration as a possible 
means of supplementing the IAIABC activity. 

In respect to alternative "7" (grants-in-aid), "8" (federal radia- 
tion compensation), and "9" (a federal over-all compensation system), the 
Commission adheres to the view expressed by a number of witnesses at the 
hearings that, for workmen's compensation purposes, radiation-induced 
disease occupationally colnvested should receive statutory treatment com- 
parable to other occupational diseases. The suggested state legislation pro- 
gram for 1959, recommended by the Council of State Governments, contemplated 
a uniform approach in workmen's compensation to radiation-induced disease and 
other forms of occupational disease. We endorse this approach. 

In connection with the program of the Council of State Governments, 
a review of action by the state legislatures during 1959 indicates that 
coverage of radiation diseases was included in the schedule of compensable 


diseases in Iowa, Maine, Montana, New Hampshire, and Tennessee. Radiation 
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was specifically described as an occupational disease in Missouri and 
Ohio, which have full coverage of occupational diseases. In addition, 
Kansas amended its coverage of radiation diseases to include specific 
reference to "ionizing radiation." Some coverage of radiation diseases 
is now provided by the workmen's compensation laws of every state but 
Alabama, Mississippi and Wyoming--through full coverage of occupational 
diseases in 29 states (also the District of Columbia and Puerto Rico) 
and through specific inclusion in the schedule of occupational diseases 
in 18 states. In three of these 18, however, the source of the covered 
radiation is limited to X-rays or radium, 

Coverage of radiation diseases or other slowly developing occupa- 
tional diseases may be more in name than in fact unless the special 
problems presented by such diseases are also récognized in the time 
limits within which the disease must be manifested after the last ex- 
posure, the time limits for filing claims, or other time restriccions. 
This year, time limits for filing claims were liberalized for radiation 
diseases, or for occupational diseases generally, in 11 states--Alaska, 
Connecticut, Hawaii, Iowa, Kansas, Maine, Missouri, Montana, Ohio, 
Oregon, and Texas. A number of the states adopted language equivalent 
to or approximating the standard recommended by the IAIABC for slowly 
developing diseases, that "the time limitation in filing of claims not 
begin to run until the data on which the employee has knowledge of the 


nature of his disability and its relation to his job and until after 
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disablement ."" However, seven of the 11 states retained or added other 

time limit provisions which onus restrict to a greater or less degree 

the eligibility of a worker to receive workman's compensation benefits 

for a radiation disability. For example, compensation is allowed only 

if disablement results within two years after the last injurious ex- 
posure, in Iowa; within 8 years after the last exposure, in Ohio; and 
within one year from the date of last employment by the employer from 

whom compénsation is claimed, in Montana. Missouri made radiation diseases 
compensable only if there have been 90 days of exposure with one employer. 

The number of state legislatures that meet in 1960 is fewer than the 
number that met in 1959. However, the Department of Labor is wrking with 
the IAIABC looking toward a program of substantial emphasis in this area 
through the 1961 legislative year. Among other activities, the Department 
plans the updating and distribution to the states of several publications, 
and the IAIABC has established an incentive award for presentation to 
states that meet the recommended standards. 

The Council of State Governments advises us that their Subcommittee 
on Workmen's. Compensation is continuing in existence and plans a program 
of suggested legislation for 1961 which will embrace the 1959 proposals 
in respect to radiation, together with other improvements in the workmen's 


compensation field. 


February 2, 1960 
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U.S. Atomic Energy Commission, 
Washington, D.C., May 3, 1960. 
Hon. Ciurnron P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


Dear Senator Anperson: Reference is made to (1) the letter of 
November 9, 1959, signed by you and Congressman Holifield to the 
Honorable Arthur S. Flemming, Chairman, Federal Radiation Coun- | 
cil, relative to review of four congressional hearings and reports and 
(2) the Honorable Arthur S, Flemming’s letter of December 31, 1959, 
to you and Congressman Holifield in which it was indicated that it 
would be appropriate for the Department of Health, Education, and 
Welfare and the Atomic Energy Commission to reply directly to you 
regarding the reviews. 

Reviews of two of these hearings and reports, those dealing with 
“Federal-State Relationships in the Atomic Energy Field” and with 
“Employee Radiation Hazards and Workmen’s Compensation,” were 
transmitted with my letter of April 9, 1960. 

Attached are similar reviews of the hearings and summary-analyses 
of the two remaining hearings referred to in your letter of Noveaslil 2 
9: Hearings on “Fallout from Nuclear Weapons Tests” and on “Bio- | 
logical and Environmental Effects of Nuclear War.” These com- 
ments are sufficiently brief that we are presenting them without sum- 
mary or additional comment. 

Sincerely yours, 
R. L. Hotiinesworrn, 
Deputy General Manager. 


CoMMENTS ON 1959 HeartneGs on Fattout From Nuc tear WEAPONS 
TEstTs 


The AEC considers that the hearings conducted by the Joint Com- 
mittee on Atomic Energy during 1959 on “Fallout From Nuclear 
Weapons Tests” were highly constructive and provided a_ badly 
needed opportunity for the improvement of public understanding of 
a most complex and controversial subject. The record of the hear- 
ings provides the best single source of information on this subject now 
in existence. 

A candid evaluation of the 1959 “Hearings on Fallout from Nu 
clear Weapons Tests” involves many considerations, some of whieh 
are in themselves too complex to state simply and, in some cases, $0 
intimately associated with controversial aspects of the subject that 
they, in turn, may be controversial. The hearings were held in a time 
which was, in some respects, a period of transition of congressional, 
public, and Government concern with the subject. A test moratorium 
had been in effect for several months and was expected to last out the 
year. Fallout rates in the Northern Hemisphere were at their all- 
time peak. Recent data obtained by the Department of Defense in- 
dicated that the ratio of residual radioactivity in the stratosphere to 
quantities which had fallen out, and to the current rate of fallout, 
were less than had previously been estimated; and meteorological, 
studies were indicating that storage time and distribution were highly 
dependent upon latitude of injection into the stratosphere. 
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Despite the efforts of the committee to conduct the hearings on a 
factual and educational basis, some of the testimony dealt with estab- 
lished positions relative to the testing of nuclear weapons. This ap- 
proach tended to obscure rather than clarify some of the complex 
considerations inextricably involved in evaluating associated hazards 
and national policy. 

On page 2 of the summary-analysis, the Joint Committee on Atomic 
Energy notes that the 1959 hearings tended to support findings de- 
veloped in 1957. This was not unexpected. The 1957 hearings were 
primarily focused on technical subject matter and brought out a wide 
and detailed spectrum of facts, data, speculation, and predictions. 
Considering the breadth of the subject matter covered in 1957, it is not 
surprising that in 2 years relatively few new scientific or technical 
data were available. It was also to be expected that. the new questions 
raised in 1959 would be more along lines of evaluation and interpre- 
tation of data than on the data themselves (summary-analysis, p. 2). 

It would appear that the value of fallout hearings as a device to 
assemble large masses of raw scientific data had already begun to reach 
a point of diminishing return by the time the 1959 hearings started. 
By then, and to a greater extent since then, means had been developed 
for disseminating extensively the raw data on fallout as they became 
available. With increased public interest in such data, they were 
being made increasingly available to the scientific and general public. 

Thorough scientific evaluation of data, with the view of developing 
understanding of physical and biological mechanisms, is, of course, a 
matter with which scientists will be concerned for months and years 
to come. On the other hand, much of the data collected on fallout is 
of limited scientific value but serves to keep track of the general levels 
of contamination in the environment. One example in 1959, Dr. 
Kahn’s testimony on nuclear war, serves to illustrate that the inter- 
pretation of ideas is worked out in advance of, and for other purposes 
than, hearings. 

The summary-analysis, p. 2, notes'a lack of understanding as to how 
to evaluate measured levels of environmental contamination in terms 
of some yardstick such as natural background radiation or some set of 
recommended permissible limits. It is hoped that the “Hearings on 
Radiation Protection Standards” to be held in May and June of 1960 
may develop this subject further. However, as long as efforts in this 
direction are subject to interpretation as efforts to justify or defend 
the Government’s international and military policies, it may be ex- 
pected that their potential usefulness will be generally negated by 
statements designed to discredit both the intent and the value of the 
“vardsticks” discussed. 

It is readily apparent that there is no single familiar element of 
human experience which provides an adequate yardstick either of the 
hazards which may be associated with environmental concentrations 
of radioactivity or of the acceptability of such hazards under the 
various conditions of possible interest. To the extent that one wishes 
to arrive at retiohabity good evaluations of these questions, it is de- 
sirable to synthesize a yardstick from the sum total of relevant human 
experience. Unfortunately, with some notable exceptions, many pub- 
lic statements and articles to date attempting to relate the experiences 
and attitudes of man to questions of radiation hazards have empha- 
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sized considerations contributing to a predetermined position on mili- 
_— and foreign policy. 

ages 20 to 23 of the summary-analysis under the heading, “ ‘Hot 
Spots’ and Worldwide Fallout,” discuss questions of normal variation 
in concentrations of radioactivity from fallout as related to the kinds 
of locations, of tests performed, meterorological conditions, and agri- 
cultural and marketing patterns. This discussion is a summary 
of this subject as developed to date. Perhaps the greatest weakness 
in the 1959 discussions on this subject is the failure to differentiate 
between, first, those aspects of the subject which have a bearing on 
questions of policy with respect to the testing and use of nuclear 
weapons and, secondly, those aspects, which under conditions of high 
environmental concentrations of radioactivity, would justify a specific 
action to reduce man’s exposure to these materials. In regard to the 
first of these considerations, following a study of average concentra- 
tions of radioactivity to be expected from nuclear warfare made for 
the Atomic Energy Commission, in oral discussion with the General 
Advisory Committee it was recognized that one of the major un- 
certainties in making fallout predictions was the problem of meteor- 
ological variations, and a contract to study this and related factors 
was given to the Rand Corp. in 1952. 

Although the observations of nuclear testing have given us a great 
deal of information on this subject, as apparent from the testimony 
in the “Hearings on Nuclear Warfare,” additional information is de- 
sirable. On the other hand, from the point of view of policy with 
respect to weapons testing, it is doubtful that evaluation of this factor 
depends as much upon quantitative data as upon interpretation of.the 
significance of such data. Obviously any activity which involves some 
degree of risk to a number of people will involve greater risk to some 
than to others. In the case of weapons testing, a difficult question to 
resolve is whether the difference in risk arising from differences in 
exposure to radioactivity or from statistical variation in the results of 
such exposure should affect decisions involving perhaps the same 
total risk. 

In regard to the development of criteria designed for guidance in 
dealing with high levels of environmental levels of radioactivity, the 
summary-analysis on page 20 aptly observes, “It is apparent that very 
little, if any, progress has been made since 1957 in the development 
of operational information of this kind involving standards, methods 
of application, and criteria for decision in the management of en- 
vironmental radioactivity, including that in food and water supplies. 
It is hoped that the “Hearings on Radiation Protection Standards” 
can, at least, define more sharply the nature of the problems involved. 


CoMMENTs ON 1959 Heartnes on BrioLtogicAL AND ENvIRONMENTAL 
Errects or NucLearR War 


As in the case of the 1957 “Hearings on the Nature of Radioactive 
Fallout and Its Effects on Man” and the 1959 “Hearings on Fallout 
from Nuclear Weapons Tests,” the “Hearings on Biological and En- 
vironmental Effects of Nuclear War,” June 22-26, 1959, were valuable 
in providing a “neutral” framework in which both the available facts 
and the range of current evaluation of the significance of such facts 
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could be brought together in a single study. The material presented is 
excellently summarized in the committee’s summary-analysis. 

Our principal concern with the treatment of the subject of nuclear 
warfare—as reflected by the summary-analysis of the hearings—is 
the apparent relative importance attached to relatively small uncer- 
tainties in many of the physical and biological parameters which 
enter into estimates of the biological effects of nuclear attack and of 
subsequent radioactivity in the environment. To the extent that one’s 
interest is limited to preattack predictions of the effects of such a war, 
many of the uncertainties discussed at length in the hearings are far 
less important than uncertainties as to the future capabilities and 
actions of a potential enemy. Depending upon the state of develop- 
ment of methods of delivery and of countermeasures at the time of 
attack, it appears within the potential capability of a major power 
to mount an attack resulting in far greater devastation than the most 
pessimistic estimates of the possible results of the illustrative hypo- 
thetical attack used as a basis for these hearings. 

Page 1 of the summary-analysis lists several considerations related 
to survival and recovery from attack which were not included in the 
scope of the hearings. Perhaps it should be noted that in addition 
to these, the hearings did not consider our inability to predict how 
the pattern of survival might be affected by the impact of such catas- 
trophic events upon mental health and upon our social and civil struc- 
ture. 

A second aspect of the concern for the effects of nuclear warfare 
which we believe should be noted is the common failure to consider 
the relative importance of survival of the initial attack and the biolo- 


gical hazards to the surviving population in ensuing years. 
One of the major contributions of the hearings was the indication 
of the degree to which the fraction of the Preonsee surviving might 
tl 


be dependent upon adequate protection of the population at the time 
of the attack. if, for example, only a few percent of the population 
were to survive the initial attack, then it may be of secondary im- 
portance in the determination of national policy whether a small frac- 
tion of the survivors might in subsequent years be subjected to a great- 
ly increased probability of leukemia, cancer, or genetic effects. 

On the other hand, to the extent that we are able to face a full-scale 
nuclear war with some confidence that a sizable fraction of our popula- 
tion can survive the initial attack, it appears desirable to intensify our 
efforts to determine those physical and biological characteristics of a 
postattack environment which would be critical in minimizing the 
overall effects on survivors. 
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CHAPTER 9. RECENT REPORTS AND PAPERS RELAT- 
ING TO RADIATION PROTECTION CRITERIA AND 
STANDARDS 


[Reprinted from Scrence, February 19, 1960, Vol. 131, No. 3399, pages 482-486] 


SOMATIC RADIATION DOSE FOR THE GENERAL 
POPULATION 


(The report of the Ad Hoc Committee ' of the National Committee 
on Radiation Protection and Measurements, 6 May 1959) 


At its meeting in November 1958, the executive committee of the 
National Committee on Radiation Protection and Measurements 
undertook to re-examine the problem of exposure of the population 
to man-made radiations from the point of view of somatic effects as 
distinct from genetic effects. This review was undertaken because 
of the widespread public concern over the possible effect of radiation 
from fallout on the population, and because of the ibility that 
there might be some new, definitive information regarding the somatic 
effects of chronic low-level radiation on man. 

The NCRP was unaware of any new basic information on somatic 
effects of radiation, upon which it could with sound reason recommend 
specific changes in permissible exposures for individuals or for pop- 
ulation groups. The NCRP felt that information relative to the ques- 
tion was essentially the same as that outlined in National Bureau of 
Standards Handbuok 59. However, it appeared desirable to make 
a new and independent examination of the problem for the purpose 
of affirming the views of the NCRP. For this purpose, the NCRP 
established an Ad Hoc Committee to examine the question further. 

At its inception, the National Committee on Radiation Protection 
and Measurements centered its activities primarily around the prob- 
lem of radiation hazards associated with dustrial and medical uses 
of radiation. During succeeding years, it became increasingly appar- 
ent that NCRP could not ignore its responsibility for making recom- 
mendations concerning radiation exposure of larger population groups. 
Cognizance was taken of this problem at various times—for example, 
in NBS Handbook 59 (issued 24 September 1954), on pages 78 and 
‘9, in the paragraphs “Non-occupational Exposure of Minors” and 
“Number of Exposed Individuals” as well as in the separate para- 
graph found at the end of the Handbook. On 8 January 1957, the 
preliminary statement released by NCRP setting forth its revised 
, ‘The members of the ad hoe committee of the National Committee on Radiation Pro- 
Uae ep pemeimente are: Austin Brues, Argonne National Laboratory ; James Crow, 
Oak Rid y s a orp re E. B. Lewis, California Institute of Technology ; Karl Z. Morgan, 
Clinton £. e ai one laberaters iN ae Snyder, Oak Ridge National , ratory, ppepenete 
ization; Forrest West © US Atomic ane aal inal as tab dapeneh Be eee, 

estern, ; TBY ommission; a ymer 


En 
Western Reserve University, chairman. Lauriston S. Taylor, chairman of the National 
ommittee on Radiation Protection and Measurements, prepared the introductory material. 
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philosophy on the maximum permissible radiation exposure to man 
suggested a certain limit for average gonadal exposure of the popu- 
lation. The addendum to NBS Handbook 59, dated 15 April 1958, 
contained additional recommendations concerning the maximum per- 
missible dose to individuals outside controlled areas, and attributable 
to normal operations within controlled areas, for both external radia- 
tion exposure and internally deposited radioactive materials, In its 
statement of 23 April 1959, the use of the same maximum permissible 
dése (MPD) was extended to individuals in the population-at-large. 

The Ad Hoc Committee report, the NCRP believes, serves to reaffirm 
the broad policies of the NCRP with regard to basic permissible dose 
criteria, but the report is not to be regarded as containing specific 
recommendations by the NCRP. 

The report takes the line of conservatism. The Ad Hoc Committee 
felt that there was no other choice until more and better information 
is available on the effects of low-level chronic radiation exposure. 
Although a conservative and possibly pessimistic assumption with 
regard to radiation effects has been made, this should not carry any 
implication that either the NCRP or the Ad Hoc Committee accepts 
such assumptions as established facts. These assumptions have been 
adopted in the interest of prudence. 

Upon review of the Ad Hoc Committee’s report, it was noted that 
while the report suggests a basis for expressing the maximum per- 
missible somatic dose for the population, it does not contain specific 
recommendations immediately applicable as maximum permissible 
doses. It also appears likely that the maximum permissible doses that 
might be derived from the Ad Hoc Committee’s report would not be 
widely different from the current recommendations of the Interna- 
tional Commission on Radiological Protection even though they are 
expressed in reference to another base. This report is, therefore, being 
referred to NCRP subcommittee I on “Maximum Permissible Dose 
Criteria” for further consideration and the possible formulation of 
specific values to be recommended as the maximum permissible dose. 
Pending the possible formulation and approval of such recommenda- 
tions, the NCRP recommends the use of the current recommendations 
of the ICRP concerning permissible doses for the population. 


Report or Ap Hoc ComMMITTEE 
I. INTRODUCTION 


The National Committee on Radiation Protection, in the past, has 
recommended maximum permissible doses of ionizing radiation for 
occupationally exposed persons and other special groups. Its recom- 
mendations regarding exposure of the whole population to radiation 
have been primarily concerned with the genetically significant dose. 
An increasing number of sources of man-made radiation, industrial 
and military, make it desirable to consider the setting of maximum 
permissible levels of somatic exposure for the general population. 
This becomes increasingly important in view of the fact that certain 
radioelements, such as strontium and iodine, are nonuniformly dis- 
tributed in the body and result in much larger doses to specific body 
tissues than to the gonads. This Ad Hoc Committee was appointed 
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to examine the problem and report to the National Committee on 
Radiation Protection. 

The Ad Hoe Committee has considered the basic concepts and 
permises by which maximum permissible levels of ionizing radiation 
for the general population might be established and how these might 
be applied to radiostrontium and other widespread contaminants. 


. II. DOSE-EFFECT RELATIONSHIP AT LOW DOSES 


Radiation doses to which the general population is likely to be ex- 
pores in peacetime are very low. Furthermore, the rate of delivery 
rom most sources is slow, so that a small dose is accumulated over a 
long period. Yet the existing data upon which present protection 
criteria are based are from experimental animals exposed at higher, 
and frequently from acute, doses. Similarly, human data that are 
available are also primarily from higher doses. 

If we understood the exact mechanism of the interaction of radia- 
tion and biological tissue, and the subsequent chemical, physiological, 
and morphological events leading to the final effects, we could extra- 
polate back to very low doses and make confident estimates of the 
extent of human damage to be expected from such a dose. Lacking 
this information, we must rely on eae of the dose-effect curve 


at higher doses and estimate the effects of changes in intensity and 
spacing of the dose. 

A proportional (linear nonthreshold) relation between dose and 
biological effect is usually taken to imply a single-event process, 
especially if this is supported by data showing dose rate independence. 


More accurately, the relationship is log S = —k)) (where S is the 
roportion not effected, D is the dose, and & is a constant). At low 
oses, this is not distinguishable from a straight line. With such a 

dose-effect. relationship, linear interpolation between the observed 

values and the origin is acceptable when the doses and the related 
effects are too low to be measured accurately with our present methods. 
If the true relationship is curvilinear at low doses, or if there is a 
threshold dose below which no effect is produced, a more complex 
mechanism may be inferred and extrapolation to lower doses could 
be grossly misleading. 
he committee concludes that the present data are still insufficient 
to establish the character of the dose-response curve for somatic effects. 

Nor is there sufficient knowledge of the mechanisms to serve as a guide 

in areas where the data are not available. 

_ In the absence of such information, the committee believes that it 

is prudent. to be conservative and choose a premise which, if in error, 

would be likely to overestimate the effect of low doses rather than 
underestimate it. The committee decided to adopt as an assumption 
that a proportional relationship between dose and effect exists, as 
briefly outlined above. This signifies that no threshold exists, and, 
by inference from some of the theoretical concepts, we will assure 
further that the radiation dose is completely cumulative and that the 
effect is independent of the rate at which the radiation is delivered. 

If there is a threshold, there will be no effect. at doses below this 
threshold value. If the true relation is curvilinear with an accelerat- 
ing effect as the dose increases, such as would occur if the biological 
effect depended on multiple events or on a mixture of threshold and 
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nonthreshold causes, the proportional assumption overestimates the 
effect at low doses. There is the possibility that the curve is concave 
in the opposite direction, but this seems very remote. Moreover, 
data that show a dose-rate dependence generally indicate that the 
effect is less with a low rate of delivery or with intermittent dosage 
than with the same total delivered in a short time. For these reasons, 
the committee believes that the proportional assumption is a con- 
servative, and perhaps a stringent one. 

The Ad Hoe Committee emphasizes that this conservative assump- 
tion was adopted not because any definitive conclusions were reached 
as to the true nature of the dose-effect relationship but because the 
committee would prefer to err on the side of overcaution rather than 
in the opposite direction. With this assumption (nonthreshold linear 
dose-effect relationship), or, for that matter, any nonthreshold as- 
sumption, it follows that even the smallest dose would involve some 
risk. This means that the exposure should be kept as low as feasible 
and that no level of radiation is warranted unless the benefits balance 
or outweigh the assumed risk. 

This also means that if a maximum permissible dose is determined, 
it will necessarily be at an arbitrary level where, in the judgment of 
those choosing the level, the risk is acceptable as compared to the 
benefits. Every effort should be made to maintain the actual dose as 
far below the permissible level as possible. 


Ill. SHOULD THE POPULATION DOSE DIFFER FROM THAT FOR 
OCCUPATIONALLY EXPOSED GROUPS? 


The committee believes that the dosage permitted for the general 
population should be substantially less than that permitted for occu- 
pationally exposed or other special groups. Some of the reasons are: 

(1) The general population is much larger, and if exposed to the 
same dosage there will be the risk of a correspondingly larger number 
of individuals with injurious effects. 

(2) Employment involving occupational hazard to exposure is vol- 
untary, and the extent and nature of the exposure can, in principle, be 
foreseen by the individual accepting any risk that may hi involved. 

(3) Industrial workers are relatively carefully screened. Gener- 
ally, those least able to meet any peculiar hazard may be channeled 
into other activities. 

(4) In industry there can be specific evaluation and control of the 
hazards by radiation monitoring and other studies. 

(5) Children and embryos may be particularly sensitive. These 
can generally be excluded from groups receiving the maximum per- 
missible occupational dose. 

(6) The number of years of exposure to radiation for occupational 
reasons will be much less than the number of years of exposure to en- 
vironmental sources of radiation. 

(7) If industrial hazards exist, it is obvious that any of these haz- 
ards (one of which is radiation) should not be spread beyond the 
individuals in that particular occupation. If the hazards to the out- 
side nonindustrial population are not reduced as compared to those 
within the industry, the risk to the total population could be unac- 


ceptably high because of the contribution from all the occupational 
hazards in the society. 
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For these reasons, the committee believes that it is oe to 
set lower maximum permissible doses for general population groups 
than for persons exposed to radiation for occupational reasons. 


IV. BASES FOR ESTABLISHING A MAXIMUM PERMISSIBLE DOSE 


On the basis of the assumption discussed in section II, any realistic 
recommendations of maximum permissible dose must be reached by 
balancing biological risks against the reasons for accepting exposures 
to radiation. Tt is highly improbable that such a balance can be 
made with accuracy, not only because of our limited knowledge, both 
of benefits and of risks, but also because of difficulties in comparing 
social, economic, and other benefits with radiation risks. Neverthe- 
less, since decisions will be made, if only by default, it is desirable to 
make the best evaluations possible at the present. time. 

As a first approach, there are several possible scales on which the 
risks from low levels of radiation dose may be related to human 
experience. The committee believes that all of these are meaningful 
and has tried to consider them in its deliberations. 

(1) Relating the population dose to the level established for occu- 
pationally exposed groups.—This could be done by taking an arbitrary 
fraction of the occupational dose and using this as the maximum per- 
missible dose for the general population. 

(2) Relating pra dose to the estimated effects of radiation 
and to other risks of life-—The estimated effects of the exposure of 


the public to low doses of radiation can be assessed in principle in three 


ways: (i) by their estimated absolute incidence; (ii) by their esti- 
mated incidence relative to the spontaneous incidence of the same 
biological effects, e.g., leukemia; and (iii) by comparison with the 
effects of other population risks not associated with radiation. 

(3) Relating the population dose to the natural background radia- 
tion level_—If any risks are associated with natural background radia- 
tion, they are accepted as a normal factor of life. Ordinarily no effort 
is made to reduce them, and ordinarily no consideration is given to 
differences in background levels in determining where one shall reside. 

The committee recommends, pending more precise information, that 
maximum permissible doses for the general population should be 
related to the average natural background level of radiation. One 
reason is that this level can be determined relatively easily and is rela- 
tively stable in time. A more important reason is that this is a level 
to which the human population has been exposed throughout its his- 
tory. The further we get from this level, the less confidence we have 
that any effects will be similar in kind and quantity to those the 
population has experienced from natural background radiation and 
has been able to tolerate in the past. 


V. RECOMMENDATIONS REGARDING PERMISSIBLE DOSES TO, THE POPULATION 


It is not the responsibility of this Ad Hoc Committee to recommend 
specific levels of maximum permissible dose to the population. It 
hopes that as more data become available, both as to benefits and risks, 
4 maximum permissible dose representing a proper balance between 
these can be found. Meanwhile, it believes that the maximum per- 
missible dose of man-made radiation (excluding medical and dental 
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sources) should not be substantially higher than the background level 
of natural radiation without a careful examination of the reasons for 
higher values. For this purpose it may be convenient to take the 
background level arbitrarily to be 100 millirem per year. 

In the practical application of maximum permissible levels to the 
general population, it is necessary to consider a number of factors, 
some of which are noted in the following discussion. 

It is not feasible at the present time to monitor the population dose 
solely by measuring the dies to individuals. Moreover, any control 
measures to be effective must be directed at levels of radiation and of 
radioactive materials in the environment. Thus, it is contemplated 
that maximum permissible levels for such environmental factors as 
food, water, and air will be set for certain areas in such a manner that 
the radiation dose to typical persons in those areas from all sources 
(excluding natural background, medical, and dental sources) will not 
exceed the appropriate maximum permissible level. For this purpose 
the committee recommends that it should be allowable to average doses 
over a Suitably long period of time, e.g. one year, and over population 
groups approximating the size of a state or major city. Because of 
variability of dose levels with location, it is expected that the average 
dose to the total population would be considerably less than the maxi- 
mum permissible level. 

Some radioisotopes are distributed through the body in such a 
fashion as to give an approximately uniform distribution of radiation 
dose to all of the body tissues. However, from certain radioisotopes, 
such as those of strontium and iodine, radiation doses are much higher 
in some tissues than in others. In general, the maximum permissible 
level should apply to the tissue receiving the greatest dose—bone in 
the case of strontium, thyroid for iodine. If several sources of radia- 
tion are involved, the total dose to the tissue from all such sources 
should not exceed the maximum permissible level. 

It is recognized that for some radioisotopes, environmental levels 
may conceivably result in higher radiation doses to children than to 
adults. In such cases, permissible levels should apply to radiation 
doses received in the age ranges of highest dose, rather than the popu- 
lation group as a whole. 

The committee emphasizes that the final criterion in environmental 
control is the level of radiation dose to human tissues, and that en- 
vironmental levels are used only as indicators and means of control. 
At the present time permissible levels for the environment may be 
derived from permissible levels of dose to humans only by nial 
certain assumptions involving such factors as movement of radio- 
isotopes in the environment, relationships between environmental and 
dietary concentrations, and biochemical behavior in the body. Ree- 
ommended maximum permissible concentrations in the environment 
will require revision as new information on such factors becomes 
available, or as indicated by actual experience with environmental 
situations. 

Since any maximum permissible level based on the considerations 
discussed above is a relative standard designed to keep the average 
radiation dose to the population as low as feasible, it follows that 
a level recommended for one set of conditions may not be appropriate 
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for another. For example, maximum permissible concentrations in 
foods designed to limit the release of radioactive materials into the 
environment may appropriately be much lower than levels at which 
the foods may be considered unfit for use; and maximum permissible 
concentrations in air designed to limit the release of materials into the 
environment may be much lower than level at which it would be wise 
to evacuate an area in case of accidental release of larger quantities of 
such materials. 
VI. DISCUSSION 


This committee has not made any recommendations regarding medi- 
cal and dental radiation. The reason isthat in this case the individual 
exposed to the risk and the one receiving the benefit are the same. 
The balancing of the risk is largely a medical problem. Furthermore, 
there are circumstances when going beyond any preassigned maximum 
permissible level may be thoroughly justified. It is axiomatic that 
every reasonable precaution should be exercised to keep the radiation 
dose as low as possible. 

The Ad Hoc Committee was not asked for comments regarding 
genetically significant radiation. With the assumption of an effect 
proportional to the dose, which is the same as is generally assumed 
for genetic effects with low doses, some of the genetic and somatic 
considerations become very similar. Some sources of radiation, such 
as radioactive cesium, give about the same dose to the gonads as to 
other parts of the body. For others, such as radiostrontium, the 
gonad dose is exceedingly small in comparison with the bone dose. 

The committee would like to note that if the National Committee 
on Radiation Protection chooses a maximum permissible dose of man- 
made radiation, exclusive of medical and dental sources, in the general 
vicinity of the background level, there will be an order of agreement 
with the recommendations of other groups that have studied the 
problem. The previous recommendation of the National Academy of 
Sciences Committee and the National Committee on Radiation Pro- 
tection for a maximum average-per-capita-dose to the gonads of 10 
roentgens of man-made radiation per 30 years is roughly three times 
the background level, and these recommendations include the esti- 
mated contribution from medical and dental radiation. We note the 
maximum permissible dose of whole-body exposure for a single indi- 
vidual recommended for the general population by the International 
Commission on Radiological Protection and the NCRP, although ex- 
pressed in terms of a fraction of the permissible occupational exposure, 
IS approximately five times the background. For long-range plan- 
ning purposes, the International Commission on Radiological Protec- 
tion has suggested a permissible average level for the whole population 
in the general vicinity of the background dose (a man-made radiation 
level of 1.7 times background, if background is taken to be 100 millirem 
per year). 

VII. SUMMARY: CONCLUSIONS 
On the basis of the general principles outlined previously, and 


examination of some of the problems posed by widespread man-made 
contamination by various radioelements, the committee makes the 
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following recommendations for the guidance of those concerned with 
the establishment of tolerable somatic levels for widespread radiation : 

(1) The committee believes that present evidence is not sufficient 
to establish the dose-response curve for somatic effects at low doses. 
In the absence of such information, the committee has chosen to make 
the cautious asswmption that there is a proportional relation between 
dose and effect and that the effect is independent. of dose rate or dose 
fractionation. 

(2) On this, or any other nonthreshold assumption, it follows that 
even the smallest dose is associated with some risk. Under these cir- 
cumstances, the exposure of the population to any increase in radiation 
should not occur unless there is reason to expect some compensatory 
benefits. 

(3) Beeause of our present limited information, an accurate esti- 
mate of the hazard and the benefits of a specific level of radiation is 
not possible. Therefore, pending more precise information, we rec- 
ommend that the population permissible dose for man-made radiation 
be based on the average natural background level. 

Although it is not our responsibility to determine the exact. level, 
we believe that the population permissible somatic dose from man- 
made radiations, earadinn medical and dental sources, should not be 
larger than that due to natural background radiation, without a care- 
ful examination of the reasons for, and the expected benefits to society 
from a larger dose. 

It is expected that, because of fluctuations in time and location, the 
population average dose will be considerably less than the maximum 
permissible dose. 

(4) For purposes of computation, it should be permitted to average 
the amounts over a suitably long period of time, e.g., one year, and a 
reasonable sized population. 

(5) For radiation sources, such as radioactive strontium and iodine, 
which deliver radiation predominantly to one organ or tissue, the 
maximum permissible dose should be established for the tissue or 
organ that is expected to receive the most radiation. 

(6) It is not possible at present to monitor the population dose 
solely by measuring the dose to individuals. Furthermore, any effec- 
tive control over radiation levels must be directed at the levels of 
radiation and radioactive materials in the environment. This means 
that maximum permissible levels will need to be established for such 
factors as food, water, and air. The levels should be set so that the 
typical person in the area will not receive more than the established 
permissible dose when all sources are combined. 

(7) It is recognized that setting environmental levels involves 
assumptions and conversion factors to translate these into human body 
levels. These factors may be expected to change with new informa- 
tion, so the environmental levels may be expected to require continuous 
revision even though the maximum permissible limits to the body are 
not changed. 

(8) Recommendations regarding a maximum permissible level for 
medical and dental exposures to the patient are not given because for 
somatie effects of radiation the possible harm and prospective benefits 
occur in the same individual in contrast to radiation involving genetic 
material. The committee urges that continual caution be exercised 
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to maintain radiation for medical and dental purposes at the lowest 
feasible level. 

(9) Finally, the committee wishes to emphasize that under one of 
the primary assumptions made in this report (nonthreshold linear 
dose response), the biological effect does not suddenly change from 
harmless to harmful if any permissible dose is exceeded. Any per- 
missible level which may be chosen is essentially arbitrary and every 
effort should be made to keep the radiation dosage as far below the 
permissible level as feasible. On the assumption noted above, any 
radiation dose should be thought of as being tolerated only to obtain 
compensatory benefits. 
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U.S. Department of Commerce, Lewis L. Strauss, Secretary 
National Bureau of Standards, A. V. Astin, Director 


Maximum Permissible Body Burdens 
and Maximum Permissible Concentrations 
of Radionuclides in Air and in Water 


for Occupational Exposure 


Recommendations of the 
National Committee on Radiation Protection 





National Bureau of Standards Handbook 69 


Issued June 5, 1959 
(Supersedes Handbook 52) 
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Preface 


The present Handbook and its predecessors'stem from the 
Second International Congress of Radiology, held in Stock- 
holm in 1928. At that time, under the auspices of the 
Congress, the International Commission on Radiological 
Protection (ICRP) was organized to deal initially with 
problems of X-ray protection and later with radioactivity 
protection. At that time “permissible” doses of X-rays 
were estimated primarily in terms of exposures which 
produced erythema, the amount of exposure which would 
produce a defined reddening of the skin. Obviously a 
critical problem in establishing criteria for radiation protec- 
tion was one of developing useful standards and techniques 
of physical measurement. For this reason two of the 
organizations in this country with a major concern for X-ray 
protection, the American Roentgen Ray Society and the 
Radiology Society of North America, suggested that the 
National Bureau of Standards assume responsibility for 
organizing representative experts to deal with the problem. 
Accordingly, early in 1929, an Advisory Committee on X-ray 
and Radium Protection was organized to develop recom- 
mendations on the protection problem within the United 
States and to formulate United States points of view for 
presentation to the International Commission on Radiological 
Protection. The organization of the U.S. Advisory Com- 
mittee included experts from both the medical and physical 
science fields. 

As a result of the extensive developments immediately 
preceding and during World War II that added substantially 
to the importance of radiation protection problems, the 
Advisory Committee was reorganized in 1946 as the National 
Committee on Radiation Protection (and later, the National 
Committee on Radiation Protection and Measurements— 
NCRP). The revised Committee included representation 
from the various professional societies with an interest in the 
problem, government agencies with related interest and 
responsibilities, as well as individual experts. The continued 
sponsorship of the Committee by the National Bureau of 
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Standards was in accordance with its statutory responsibilit 
to cooperate with other governmental agencies and with 
private organizations in the develo ment of standard 
practices, incorporated in codes and specifications. In 
addition, the recommendations of the National Committee 
on Radiation Protection and Measurements have been 
published as handbooks by the National Bureau of Standards, 
again in accordance with its statutory authorizations. 


The conclusions in the present handbooks are to be con- 
sidered only as recommendations of a group of experts in the 
radiological protection field. They carry no legal implications 
demanding or requiring adoption. Inasmuch as the recom- 
mendations of the National Committee on Radiation Pro- 
tection and Measurements impinge upon the areas of 
statutory responsibility of both the U.S. Public Health 
Service and the U.S. Atomic Energy Commission, it was 
considered important to determine that these agencies would 
not object to the publication of these recommendations by 
the National Bureau of Standards. Such assurances were 
obtained although these involve no commitment on the part 


of these agencies to adopt the recommendations of the 


National Committee on Radiation Protection and Measure- 
ments. Nor should the publication be construed as a 
recommendation by the National Bureau of Standards for 
adoption inasmuch as the important medical and biological 
factors involved in developing the recommendations are 
clearly outside of the Bureau’s area of technical competence. 


Since the publication in 1953 of the report of Subcom- 
mittee 2 of the National Committee on Radiation Protection 
on Permissible Internal Dose entitled ‘“Maximum Permis- 
sible Amounts of Radioisotopes in the Human Body and 
Maximum Permissible Concentrations in Air and Water” 
(NBS Handbook 52) the study of the problem of internal 
irradiation has been continuous. The basic work for the 
preparation of this report has been handled to a major extent 
by Dr. K. Z. Morgan and by members of his staff at Oak 
Ridge. The same task has been carried out simultaneously 
for the corresponding committee of the International Com- 


mission on Radiological Protection of which Dr. Morgan is 
also Chairman. 


_ Since 1953 new information relative to the problem of 
internal irradiation has been steadily increasing. Simul- 
taneously there have been increasing demands for more 
information on radionuclides than was covered in the original 
edition of Handbook 52. In spite of the enormous amount 
of work which has been done by this subcommittee the 
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problem of developing maximum permissible concentrations 
of radionuclides is still rendered difficult. because of the 
relatively limited direct experience with the action of the 
radiation from radionuclides on human tissues. The contents 
of this Handbook are based on what is believed to be the 
best information available and it is to be expected that as 
our knowledge increases the numerical quantities presented 
in this report will be in a state of continuous modification. 

The recommendations of this Handbook take into con- 
sideration the NCRP statement entitled “Maximum Per- 
missible Radiation Exposures to Man,” published as an 
addendum to Handbook 59 on April 15, 1958. 

As noted above this study was carried out jointly by the 
ICRP and the NCRP, and the complete report is more 
extensive than the material contained in this Handbook. 
It was felt that for the sake of producing a handbook suitable 
for daily use, some of the more extensive treatment of the 
problem could be omitted, since it would be made available 
in the complete ICRP report published by Pergamon Press. 
A Table of Contents of the parts of the ICRP report not 
contained herein is given on page 22. In addition the ICRP 
committee has prepared a detailed bibliography containing 
hundreds of references relative to the problem. Since the 
demand for this bibliography will be somewhat limited it 
wu be made available as a separate publication by Pergamon 

ress. 

The National Committee on Radiation Protection and 
Measurements is governed by representatives of 17 partici- 
pating organizations, including the National Bureau of 
Standards. Eighteen subcommittees have been established, 
each charged with the responsibility of preparing recom- 
mendations in its particular field. The reports of the sub- 
committees are approved by the Main Committee before 
publication. 

The following parent organizations and individuals com- 
prise the Main Committee: 


H. L. Andrews, U.S. Public Health Service and Subcommittee Chair- 
man. 


E. C. Barnes, Amer. Indust. Hygiene Assoc. 
C. M. Barnes, Amer. Veterinary Medical Assoc. 
A. C. Blackman, Int. Assoc. of Govt. Labor Officials. 


C. B. Braestrup, Radiol. Soc. of North Amer. and Subcommittee 
Chairman. 


J. C. Bugher, Representative-at-large. 

R. H. Chamberlain, Amer. College of Radiology. 

W. D. Claus, U.S. Atomic Energy Commission. 

C. L. Dunham, U.S. Atomic Energy Commission. 

T. P. Eberhard, Amer. Radium Society and Subcommittee Chairman. 
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s T. C. Evans, Amer. Roentgen Ray Society. 
@ G. Failla, Representative-at-large. 
J. W. Healy, Health Physies Soc. and Subcommittee Chairman. 
6 P. C. Hodges, Amer. Medical Assoc. 
S M. Kleinfeld, Int. Assoc. Govt. Labor Officials. 
e H. W. Koch, Subcommittee Chairman. 
S W. Langham, Subcommittee Chairman. 
] R. M. Lechausse, Col., U.S. Air Foree. 
G. V. Leroy, Subcommittee Chairman. 
W. B. Mann, Subcommittee Chairman. 
° W. A. McAdams, Atomic Indust. Forum and Subcommittee Chairman. 
iS G. M. MeDonnel, Lt. Col., U.S. Army. 
G. W. Morgan, Subeommittee Chairman. 
: K. Z. Morgan, Health Physics Society and Subcommittee Chairman. 
R. J. Nelsen, American Dental Assoc. 
e R. R. Newell, Amer. Roentgen Ray Society. 
, C. Powell, U.S. Publie Health Service. 
| E. H. Quimby, Amer. Radium Society and Subcommittee Chairman. 
, F J. A. Reynolds, Natl. Electrical Mfgr. Assoc. 
e H. H. Rossi, Subcommittee Chairman. 
D 5 M. D. Schulz, Amer. College of Radiology. 
1 e L. 8. Skaggs, Subcommittee Chairman. 
| J. H. Sterner, Amer. Indust. Hygiene Assoc. 
. iS R. §. Stone, Radiol. Soc. of North America. 
; L. 8. Taylor, National Bureau of Standards. 


E. D. Trout, Natl. Electrical Mfgr. Assoc. 

Bernard F. Trum, Amer. Veterinary Medical Assoc. 
Shields Warren, Representative-at-large. 

kK. G. Williams, Representative-at-large. 

S. F. Williams, Capt., U.S. Navy. 

H. O. Wyckoff, Subcommittee Chairman. 
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_The following are the Subcommittees and their Chairmen: 


Subcommittee 1. Permissible Dose from External Sources. (Respon- 
sibility of the Executive Committee.) 

Subcommittee 2. Permissible Internal Dose, K. Z. Morgan. 

Subcommittee 3. X-rays up to Two Million Volts, T. P. Eberhard. 

Subcommittee 4. Heavy Particles (Neutrons, Protons, and Heavier), 
H. H. Rossi. 

Subcommittee 5. Electrons, Gamma Rays and X-rays Above Two 
Million Volts, H. W. Koch. 

Subcommittee 6. Handling of Radioactive Isotopes and Fission 
Products, J. W. Healy. 

Subcommittee 7. Monitoring Methods and Instruments, H. L. 
Andrews. 

Subcommittee 8. Waste Disposal and Decontamination. (This sub- 
committee has been jnactivated.) 

Subcommittee 9. Protection Against Radiations from Ra, Co® and 
Cs '37 Eneapsulated Sources, C. B. Braestrup. 

Subcommittee 10. Regulation of Radiation Exposure Dose, W. A. 

: McAdams. 

Subcommittee 11. Incineration of Radioactive Waste, G. W. Morgan. 

Subcommittee 12. Electron Protection, L. S. Skaggs. 

Subcommittee 13. Safe Handling of Bodies Containing Radioactive 

Isotopes, kh. H. Quimby. 


_— 


. ' '/- 
TS ARORA RR IT RTE I ER RN I NY HY LT Ly TL a > TET ET I SAT Te 








1100 RADIATION PROTECTION CRITERIA AND STANDARDS 


Subcommittee 14. Permissible Exposure Doses Under Emergency 
Conditions, G. V. Leroy. 

Subcommittee M-—1. Standards and Measurement of Radioactivity 
for Radiological Use, W. B. Mann. 

Subcommittee M-2. Standards and Measurement of Radiological Ex- 
posure Dose, H. O. Wyckoff. 

Subcommittee M-3. Standards and Measurement of Absorbed Radia- 
tion Dose, H. O. Wyckoff. 

Subcommittee M-4. Relative Biological Effectiveness, W. H. Lang- 
ham. 


The present Handbook was prepared by the Subcommittee 
on Permissible Internal Dose, with the following members: 


K. Z. Morgan, Chairman____ Oak Ridge National Laboratory 


A. M. Bruesl.. ~~ .-.«-ctaic Argonne National Laboratory 

7) BPD. 64y~~- 356 i0-D- cae University of California 

Gi WARM es iescosd ue b _. Columbia University 

J.°w. meals. -...-..2-Sosed Hanford Works, Richland, Wash. 
SiR. TORS) SL SL Se. University of Rochester 

L. D. Marinelli- ----------- Argonne National Laboratory 
Se aye ee University of Tennessee 

Shields Warren -_---_-------- New England Deaconness Hospital 


In addition, many scientists of many countries have con- 
tributed, not only through their original research which is 
the basis of the report, but also by their generous aid in 
interpreting their results for use in this report. Finally, 
the technical work of collecting the data and interpreting it 
for conditions of occupational exposure as well as the writing 
of the text is largely the work of the Internal Dosimetry 
Section of the Oak Ridge National Laboratory headed .by 
Dr. K. Z. Morgan. In particular, Mary Jane Cook has been 
responsible for the collection and presentation of the bio- 
logical data, Mary Rose Ford has been responsible for the 
physical data used and for computation, James Muir and 
Janet Kohn have computed the tables for the gastrointestinal 
tract values and for the effective energies, respectively, and 
Dr. Walter S. Snyder has supervised the technical work and 
acted as secretary to the ICRP Committee II in preparing 
this report. 


A. V. Astin, Director. 
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Maximum Permissible Body Burdens 

and Maximum Permissible Concentrations 

of Radionuclides in Air and in Water 
for Occupational Exposure 


1. Introduction 


The National Committee on Radiation Protection (NCRP) 
has a subcommittee on permissible internal dose whose func- 
tion is to provide recommended values of maximum permis- 
sible body burden, gq, of radionuclides and maximum permis- 
sible concentration, MPC, of these nuclides in air and in 
water (or food). These values are provided only for the more 
important radionuclides, and they are applicable primarily 
to occupational exposure. This subcommittee has recognized 
that such compilations are of limited usefulness unless period- 
ically revised to incorporate the best available information 
and extended to include the values required by new 
developments and uses. It has worked closely with the 
Internal Dose Committee of the International Commission 
on Radiological Protection (ICRP) in collecting these data 
and in making revisions of the earlier publications of the 
NCRP (1953)! and by the ICRP (1955).? In fact, the 
respective subcommittees on Internal Dose of the NCRP 
and ICRP have the same chairman. 

To avoid unnecessary duplication of publication, this 
report of the NCRP is an abridgment of the ICRP Internal 
Radiation report. It includes a statement of basic philcs- 
ophy, explanations and tables of “Maximum Permissible 
Body Burdens and Maximum Permissible Concentrations of 
Radionuclides in Air and Water for Occupational Exposure.”’ 

The portions of the ICRP report giving the procedures 
for calculation and the associated tables are not included 


! Report of National Committee on Radiation Protection, National Bureau of Standards 
Handbook 52 (1953), Maximum Permissible Amounts of Radioisotopes in the Human Body 
and Maximum Permissible Concentrations in Air and Water, Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, D.C. 

? Recommendations of the International Commission on Radiological Protection (1955) 
British Journal of sacolons, Coteieent 6 (Meeting of the International Congress of Radiol- 
ogy held in Copenhagen, Denmark, 1953). 
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in this report, and the reader should refer to the ICRP 
Internal Radiation report * for such information. A table of 
contents of those sections of the ICRP Internal Radiation 
report not included here is given at the end of this report. 

In addition to revising and extending the earlier publi- 
cations, the members of both committees hope that this 
publication will be a means of harmonizing and unifying the 
objectives and prineiples used by the NCRP and ICRP 
in arriving at their decisions. 

The basic recommendations concerning permissible radia- 
tion exposure have been revised in recent years by the 
NCRP,* and similar revisions have been made by. the 
ICRP. An examination of the 1958 report of the ICRP 
reveals that the major changes of interest to Subcommittee 2 
are the following: 

(1) Instead of a weekly limit, a quarterly limit is recom- 
mended, thus giving greater flexibility for many operations. 

(2) While the permissible quarterly rates for internal 
emitters are essentially comparable to former permissible 
rates, a limit on integrated dose is imposed in the case of 
exposure of the blood-forming organs and the gonads. _ The 
ICRP recommendations‘ also apply a limit on integrated 
dose to the lenses of the eyes, but the relevant data are so 
inadequate that the eyes are not considered as an organ of 
reference in either the 1953 or 1958 ICRP Internal Radiation 
reports. 

(3) Recommendations are given for some nonoccupational 
groups and for the whole population. 

A comparison of this publication with Handbook 52 (1953) 
will reveal that very extensive modifications have been 
required by new data and methods of estimating internal 
dose, and will indicate that the number of radionuclides 
listed in the earlier publication has been increased by about 
a factor of three. All biological and physical data used in 
the earlier publication have been reviewed and the permissible 
exposure values have been revised accordingly. Refine- 
ments in the calculations for the exposure of the gastro- 
intestinal tract and for chains of radionuclides in the body 
have resulted in new values for many of the permissible 
limits. The “power function” model is discussed in the 
appendix of the ICRP Internal Radiation report® as at 


3 Report of National Committee on Radiation Protection, National Bureau of Standards 
Handbook 59. (Addendum, Jan. 8, 1957), Maximum permissible exposures to man. A pre- 
liminery statement of the National Committee on Radiation Protection and Measurement; 
(Addendum, Apr. 15, 1958), Maximum Permissible Radiation Exposures to Man. Supef- 
intendent of Documents, U.S. Government Printing Office, Washington 25, D.C. 

‘ Recommendations of the International Commission on Radiological Protection, Main 
Commission Report, Sept. 9, 1958; Pergamon Press, London, England, 1959. 

5 Recommendations of the ICRP, Report of the Committee on Permissible Dose for In- 
ternal Radiation—1958 revision; to be published, Pergamon Press, London, England. 
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alternative method of estimating the body burden for certain 
long-lived radionuclides. The data in table 1 were calcu- 
lated using the “‘exponential or compartment” model for 
retention and elimination, but the MPC and body burden 
values listed in the tables were selected after careful con- 
sideration by the subcommittee of the values obtained by 
the use of both models. While it is clearly impossible to be 
completely abreast of the literature in such a rapidly develop- 
ing field, this publication represents the most important 
findings through 1957 as well as those in a few early publica- 
tions of 1958. 

All MPC values are given for a 40-hr workweek as well 
as for continuous exposure; i.e., a 168-hr week. ‘Previous 
editions of the permissible internal-dose publications listed 
values based on continuous exposure, partly because these 
same values were sometimes used, with an appropriate 
factor, to apply to cases of continuous nonoccupational 
exposure and also because of variations in the length of the 
workweek. 

The MPC values based on a 40-hr workweek are included 
because they are directly applicable to the standard working 
conditions existing in this country. 

The MPC values listed for continuous occupational. ex- 
posure are convenient in obtaining permissible levels for 
special groups. The appropriate factors to be applied in 
obtaining permissible levels for these groups are discussed in 
the ICRP report.** Because the continuous exposure MPC 
values listed neglect several important considerations, 
particularly differences between children and adults, it 
should be emphasized that, even when corrected by the 
above factors, these can only be regarded as interim values 
for nonoccupational exposure... It is hoped that the term 
continuous occupational exposure values will emphasize the 
provisional nature of their use for other purposes. 

Although the data on which the MPC values are based 
are very incomplete and in some cases uncertain, they 
embody the latest and best research of hundreds of scientists; 
and it is believed that these MPC values are the best now 
available. They should serve as a guide to indicate whether 
the operational procedures used in practice are adequate to 
insure that the dose delivered by internally-deposited radio- 
active material does not exceed the pertinent permissible 
limit set by NCRP. 

For many radionuclides the radiation-exposure period 
may last for many months or even a lifetime, although the 
intake may have occurred in a relatively short time. When 


54561 O—60——-71 
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radioactive contaminants are deposited in the body, it jg 
often difficult to make an accurate estimate of the total 
body burden or of its distribution in the body. In most cases, 
even when the fact is established that a person carries a large 
internal burden of a radionuclide, little can be done to hasten 
its elimination from the body. According to one theory, any 
dose of ionizing radiation, no matter how small, may produce 
some genetic or somatic damage; and thus, it is considered 
wise to avoid all unnecessary exposure to radionuclides, 
This has been pointed out, also, by several national and inter- 
national * organizations. However, in the light of present 
knowledge, occupational exposure for the working life of an 
individual at the maximum permissible values recommended 
in this report is not expected to entail appreciable risk to the 
individual or to present a hazard more severe than those 
commonly accepted in other present day industries. The 
values given in this report are for occupational exposure and 
must be corrected by the application of appropriate factors 
for other uses; and, in all cases, the resultant tissue doses 
are intended to be in addition to those produced by the 
natural background and medical exposure. 


2. Basic Standards of Maximum Permissible Radiation 
Exposure 


The NCRP* has formulated the four following basic rules 
and recommendations concerning exposure to ionizing 
radiation: 


Basic Rules 


2.1. Accumulated Dose (Radiation Workers) 


A. External exposure to critical organs. Whole body, head 
and trunk, active blood-forming organs, eyes or gonads: The 
Maximum Permissible Dose (MPD) to the most critical 
organs, accumulated at any age, shall not exceed 5 rems 


6 Medical Research Council, The hazards to man of nuclear and allied radiation (1956), 
Cmd. 9780, Her Majesty’s Stationery Office, London, England. 

National Academy of Science, Publication 452, Pathologic effects of atomic radiation, 
NAS-NRC, Washington, D.C., (1956); The biological effects of atomic radiation, Summary 
Reports NAS-NRC, Washington, D.C., (1956); The biological effects of atomic radiation, 
A report to the public, NAS-NRC, Washington, D.C., (1956); The biological effect of atomic 
radiation—Gonadal dose from the medical use of X-rays, (preliminary report of Section III 
by J. 8. Laughlin and I. Pullman) NAS-NRC, Washington, D.C., (March 1957). 

Report of the United Nations Scientific Committee on the Effects of Atomic Radiation, 
Gen. Assembly Off. Records, Thirteenth Session Ne mee No. 17 (A/3838), New York, 1958. 
Annex G, Mammalian somatic effects pp. 153-171. Report of the World Health Organization, 
Effects of Radiation on Human Heredity, WHO, Palais des Nations, Geneva (1957). 
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multiplied by the number of years beyond age 18, and the 
dose in any 13 consecutive weeks shall not exceed 3 rems. 

Thus the accumulated MPD=(N-18)x5 rems where N 
is the age in years and is greater than 18. 


ComMENT: This applies to radiation of sufficient penetrating power 
to affect a significant fraction of the critical tissue. (This will be 
enlarged upon in the revision of H59.) 


B. External exposure to other organs. Skin of whole body: 
MPD=10 (N-18) rems, and the dose in any 13 consecutive 
weeks shall not exceed 6 rems. 


ComMENT: This rule applies to radiation of low penetrating power. 
See figure 2, H59.3 


Hands and forearms, feet and ankles; MPD=75 rems/year, 
and the dose in any 13 consecutive weeks shall not exceed 
25 rems. 

C. Internal exposures. The permissible levels from in- 
ternal emitters will be consistent as far as possible with the 
age-proration and dose principles above. Control of the 
internal dose will be achieved by limiting the body burden 
of radioisotopes. This will generally be accomplished by 
control of the average concentration of radioactive materials 
in the air, water, or food taken into the body. . Since it 
would be impractical to set different MPC values for air, 
water, and food for radiation workers as a function of age, 
the MPC values are selected in such a manner that they 
conform to the above-stated limits when applied to the most 
restrictive case; viz., they are set to be applicable to radiation 
workers of age 18. Thus, the values are conservative and 
are applicable to radiation workers of any age (assuming 
there is no occupational exposure to radiation permitted at 
age less than 18.) 


The maximum permissible average concentrations. of 
radionuclides in air and water are determined from biological 
data whenever such data are available, or are calculated on 
the basis of an averaged annual dose of 15 rems for most 
individual organs of the body, 30 rems when the critical 
organ is the thyroid or skin, and 5 rems when the gonads or 
the whole body is the critical organ. For bone-seekers the 
maximum permissible limit is based on the distribution of 
the deposit, the RBE,’ and a comparison of the energy 
release in the bone with the energy release delivered by a 
maximum permissible body burden of 0.1 ug Ra** plus 
daughters. 





7 See discussion on p. 7. 
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2.2. Emergency Dose (Radiation Workers) 


An accidental or emergency dose of 25 rems to the whole 
body or a major portion thereof, occurring only once in the 
lifetime of the person, need not be included in the determina- 
tion of the radiation exposure status of that person (see p. 
69, H59).* 


2.3. Medical Dose (Radiation Workers) 


Radiation exposures resulting from necessary medical and 
dental procedures need not be included in the determination 
of the radiation exposure status of the person concerned. 


2.4. Dose to Persons In the Neighborhood of Controlled Areas 


The radiation or radioactive material outside a controlled 
area, attributable to normal operations within the controlled 
area, Shall be such that it is improbable that any individual 
will receive a dose of more than 0.5 rem in any 1 year from 
external radiation. 

The maximum permissible average body burden of radio- 
nuclides in persons outside of the controlled area and at- 
tributable to the operations within the controlled area shall 
not exceed one-tenth of that for radiation workers.’ This 
will generally entail control of the average concentrations 
in air or water at the point of intake, or of the rate of intake 
to the body in foodstuffs, to levels not exceeding one-tenth 
of the maximum permissible concentrations allowed in air, 
water, and foodstuffs for continuous occupational exposure. 
The body burden and concentrations of radionuclides may 
be averaged over periods up to 1 vear. 

The maximum permissible dose and the maximum per- 
missible concentrations of radionuclides as recommended 
above are primarily for the purpose of keeping the average 
dose to the whole population as low as reasonably possible, 
and not because of the likelihood of specific injury to the 
individual. 

2.5. Discussion 


A minor difference will be noted between the above recom- 
mendation and those of the ICRP. The NCRP allows the 
skin only 6 rems in any 13-week period as compared with 
8 rems allowed by the ICRP. The difference is unim- 
portant, and the NCRP would probably have adopted the 
value of 8 rems had not its recommendations been published 
nearly a year earlier. The ICRP also uses a value of 8 
rems in any 13 weeks as an upper limit for the dose to the 


§ Based on continuous occupational exposure for a 168-hr week. 












it 
' 
' 
a 
f 
{ 
L 








RADIATION PROTECTION CRITERIA AND STANDARDS’ 1107 


thyroid; the NCRP has not specifically stated a 13-week 
limit for the thyroid. Any calculations in this report. in- 
volving the skin or thyroid are based on the ICRP value of 
8 rems in any 13 consecutive weeks. 


The decision of the ICRP ° (1956) to set the average 
external occupational exposure at 5 rems per year (corre- 
sponding to 0.1 rem per week) is not applied to internal 
dose calculations except in the cases of radionuclides that 
are distributed rather uniformly throughout the body or 
are concentrated in the gonads. The purpose of limiting 
the average weekly total body dose (0.1 rem) to 1/3 of the 
former maximum weekly dose (0.3 rem) was to lessen the 
possible incidence of certain types of somatic damage; ¢.g., 
radiation-induced leukemia and shortening of life span, 
which are considered to result primarily from total body 
exposure. Obviously, the reduction in the gonad dose was 
intended to lower the incidence of deleterious genetic mu- 
tations that could give rise to effects appearing in future 
generations. 


Inasmuch as the restriction of integrated dose applies 
pay to the total body and gonad dose, there is no 
asic change in the permissible RBE dose rate when in- 
dividual organs '° such as liver, spleen, bone, gastrointestinal 
(GI) tract, and kidney are the critical body organs for rea- 
sons given in ICRP report paragraph (14).* It should be 
noted that the limits recommended here are maximal. In 
practice, the average occupationally-exposed individual 
would receive a much lower dose. 


Because the direct determination of the body burden or 
of the dose to an organ or to the total body is generally 
difficult, and because in most cases measures to decrease the 
body burden are rather ineffective and difficult to apply, 
the only practicel procedure for general protection of occupa- 
tional workers is to limit the concentration of the various 
radionuclides in the water, food, or air available for consump- 
tion. It is recommended, therefore, that: 


(a) If there is no occupational external exposure, the 
concentration of a radionuclide or a mixture of radionuclides 





* Report on amendments to the recommendations of the International Commission on 
Radiological Protection (ICRP), Radiol 70, 261-262 (1958). 
t on amendments during 1956 to the recommendations of the International Com- 
pom 9) guar Protection, Acta Radiologica 48, 493-495 (1957); or British J. Radiol- 
eeting of the Main Commission and Committee Chairmen of the International Com- 
mission on Radiological Protection, held in New York City, March 3-5, 1958. 
All references for scientific data cited in this report are given in abbreviated form; the 
are listed in full in Bibliography for Biological Data, Pergamon Press, London, England. 
See Col-1, Fk-6, Fr-8, Ja-7, Ja-8, Swi-1, Swi-2, and Zr-1. 
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in air and in water which might be consumed by plant per- 
sonnel during a 40-hour week be kept at levels not exceeding 
the appropriate MPC values given in this report. If there 
is occupational external exposure, the MPC values must be 
lowered to bring the total RBE doses within the limits 
prescribed by the basic rules. Thus, if D rem is the quars 
terly dose permitted to an organ by the basic rules and if 
external radiation delivers a dose of E rem per quarter, then 
the MPC based on this organ must be reduced by the factor 
(D-E)/D. The calculation of an acceptable level for the 
case of a mixture of radionuclides is discussed in section IV-8 
of the ICRP Internal Radiation report. * 


(b) Alternatively, over a period of 13 weeks, the concen- 
trations of the various radionuclides present in air or in 
water may be allowed to vary, provided the total intake 
during any 13-week period does not exceed the total intake 
permitted by exposure at the constant levels indicated in 
subsection (a) above. (It should be realized that while 
this method is in accordance with the basic recommendations 
its use is cumbersome, expensive, and generally unreliable, 
because it requires accurate and continuous monitoring of 
work areas and the keeping of detailed exposure ~histories 
for each individual. Its use is, therefore, only justified in 
exceptional cases.) 


The safest and simplest procedure to use in keeping within 
the basic limits given above is to maintain the level of con- 
tamination of the air, water, or food consumed by plant 

ersonnel in the controlled area at or below the indicated 

PC values. These values are given for an exposure 
period of 40 hours per week and 168 hours per week. If a 
— work assignments are such that he spends only 8 

ours each week in the exposure area, the applicable MPC 
values are 5 times those listed for a 40-hour week in table 1: 
However, this requires considerable care to determine that 
he is effectively unexposed during the remainder of his work- 
ing week. If he spends 48 hours each week in the exposure 
area, the applicable MPC values are five-sixths of those 
listed for a 40-hour work week in table 1. 

Although the formula 5(N—18) permits an average yearly 
dose to the total body and the gonads of only 5 rems, the rules 
of the NCRP permit up to 3 rems during any interval (e.g., 
1 minute, 1 day, 1 week, etc.) provided that not more than 
3 rems are received in any 13 consecutive weeks. Thus an 
older person may receive up to 12 rems external exposure 
in a single year provided his dose does ‘not exceed the 
limits prescribed by the formula 5(N—18). Although this 
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flexibility is allowed in principle for internal exposures, in 

ractice it is risky and usually impractical to increase the 
MPC values much beyond those determined for operation 
over an extended period. The permissible levels do, how- 
ever, take into account the exposure period, and if the occupa- 
tional exposures last for only 1 hour per week, the MPC 
values for a 40-hour week may be increased by a factor of 40. 
As an example, take the case of a specific situation where 
sufficient monitoring is available (i.e., external monitoring 
meters, body fluid analyses, air surveys, etc.) and where no 
exposure has been received for the prior 13-week period. 
Jf the restriction implied by the formula 5(N-18) is not 
exceeded, the person may work for 1 hour where the con- 
centration in air of an isotope with the total body as the 
critical organ is roughly 1200 times the Maximum Permissible 
Concentration in air (MPC), for a 40-hour week." 


In such a case no further exposure shall be permitted in 
the succeeding 13 weeks. This practice should be dis- 
couraged because of delays and inaccuracies in methods of 
estimating the body burden and dose to the organ from 
such an internally deposited radioactive material. How- 
ever if such exposures to contaminated air are unavoidable, 
the dose may be reduced materially if appropriate and prop- 
erly fitting respirators are worn. 


While these revised MPC and body burden values pre- 
sented here take into account many refinements previously 
neglected, there remain many serious uncertainties in the 
basic biological data on which the calculations are based and 
thus it is necessary again, as in the earlier handbooks, to urge 
that all exposures be kept to the minimum practically ob- 
tainable. While the data used for these estimates are 
believed to be the most reliable presently available, their 
use peneralty involves an extrapolation in time or in dosage 
level and they cannot be considered as definitive. 


The Internal Dose Committees of the NCRP and of the 
ICRP are collecting available data on the long-range effects: 
of low-level exposure to the population at large. These data 
include information on somatic damage to the exposed 
individual, genetic damage to his children, and ecological 

mage. It is hoped that this new table of values will be 
available for inclusion,in the next revision of this publication. 


Le 


" 40X13X12/51200, where 12 is the maximum, and 5 is the average yearly dose. 
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3. Maximum Permissible Values for Occupational 
Exposure to Radiation 


3.1. Assumptions and Restrictions Applying to Maximum Per. 
missible Exposure Values in Table 1 


The values of g and MPC for an individual will depend 
upon many factors such as his age, physical condition, eating 
habits, and hygienic aaa They will depend also 
upon the physical and chemical properties of the radioactive 
material and the method of sete ty ingestion, by inhala- 
tion, through wounds, or by absorption through the skin. 
The paucity of data concerning the effect. of most of these 
factors does not warrant detailed treatment. To keep the 
required work and the magnitude of this revision within 
reasonable limits and yet to meet the major needs of scientific 
and industrial users of radionuclides it has been necessary 
to limit severely the number of factors considered. _There- 
fore, MPC values are listed only for relatively insoluble and 
for the more common soluble compounds, and these com- 
pounds are specified only by the extent of solubility rather 
than by specific chemical structure. The only methods of 
intake considered are ingestion and inhalation, except 
in a few cases—where immersion presents the greatest 
hazard criterion. All calculations are based on a “standard 
man’ and thus do not provide for individual variations. 
The standard man is specified in tables VI through XI of 
the ICRP Internal Radiation report ® and is a somewhat 
modified version of the standard man defined at the Chalk 
River Conference * (September 1949). This standard man 
is designed to represent a typical or average adult who is 
exposed occupationally. 

Ideally, maximum permissible body burden, g, and maxi- 
mum permissible concentration, MPC, should be based on 
studies of humans who have been exposed to and who have 
ingested a particular radionuclide under the working con- 
ditions and over an extended period of time approximating 
those which are typical of the average occupational Sra 
However, human data are very scarce and only in the case 
of radium does one have an accumulation of human expert- 
ence for as long as 50 years, which is the minimum for select- 
ing values for chronic exposure to man. Studies using total 
and partial body counters have been made recently to 


12 Chalk River Conference on Permissible Dose. A conference of representatives from the 
United Kingdom, Canada. and the United States, meeting in Chalk River, Canada, Sep 
tember 29 and 30, 1949. RM-10 (1950). 
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determine the uptake, distribution and elimination of trace 
quantities of some radionuclides in the human body. Ina 
few cases, certain radionuclides have been administered to 
humans therapeutically, and in some cases, accidents have 
occurred in which radionuclides have been taken into the 
body. The data from these cases of human exposure have 
been studied carefully, and, where possible, such data are 
substituted in this report for earlier data based on animal 
experiments. For the majority of radionuclides, human 
data are lacking, and in such cases data from animal experi- 
ments must be extrapolated to man. Sometimes even 
animal data are not available and estimates are made from 
comparison with elements having similar chemical behavior. 
Recent studies of trace and minor stable element distribution 
in the human body ® have been particularly helpful in these 
revisions. It is assumed that the normal stable element 
distribution in the various body organs is typical of the 
distribution that would result from human exposure to 
radionuclides of these same elements and that the chemical 
form is similar. Likewise, a study of the metabolic balance 
between the trace and minor elements in the food, water, 
urine, and feces of man has yielded direct data for the MPC 
of radionuclides of these elements. Because of the many 
assumptions and approximations made in applying much of 
the data in this publication, 2t 1s concluded that detarled refine- 
ments in the calculations generally are unwarranted. 

In table 1 are the recommended values of maximum per- 
missible total body burden, g, and maximum permissible con- 
centration in air, (MPC),, and in water, (MPC),, for about 
240 radionuclides. The daily intake of water used in calcu- 
lating (MPC), includes the water content of food and thus 
consideration of the intake of a radionuclide in food is neces- 
sary only in case it concentrates in the food during processing 
or enters the food from other sources. In such cases the 
(MPC), values of table 1 converted to microcuries per gram 
are applicable when corrected for daily intake, i.e., to take 
account of the total intake of radjonuclides in the complete 
diet. This publication includes values for all the radio- 
nuclides listed in the previous publications of NCRP ' (1953) 
and of ICRP? (1955) together with others for which a need 
has arisen and for which the necessary biological data are 
available. With few exceptions (e.g., certain daughter 
radionuclides and isomeric states) radionuclides with radio- 


'? See the section of the ICRP Internal Radiation report § titled , Dibliowaphy, for Biologi- 


cal Data,” Ti-1 through Ti-7, Tie-1, Sti-1 through Sti-4, Ke-1, Ke-2, Rm-2, 


h-4, Gro-1, 
Led-1, Bg-1 through Bg-6. 
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active half-lives shorter than 1 hour are not considered in 
table 1. The following are the principal assumptions and 
factors which were used in the calculations. 

(a) In all cases the values are listed both for soluble and 
for insoluble compounds (an exception is the case of some of 
the inert gases for which values are given only for the im- 
mersion of a person in the inert gas). The lowest values of 
(MPC), and (MPC), are given in boldface type both for 
the soluble and insoluble forms of the isotope. The organs 
on which these values are based are termed the critical 
organs and are also boldface in table 1. 

(b) In all cases the values are computed for occupational 
exposure at the rate of 40 hours per week, 50 weeks per year 
for a continuous work period of 50 years, as well as for 50 
years of continuous exposure, i.e., 168 hours per week. 

(c) In all cases the calculated dose rate which determines 
the MPC takes into account the actual amounts of the radio- 
nuclide in the body or critical organ rather than assuming a 
state of equilibrium. The MPC values based on a critical 
organ are set by the requirement that the dose rate (rem per 
week) after 50 years of occupational exposure shall not ex 
ceed the values specified in section 2. During a 50-year 
exposure period, equilibrium is reached for the vast majority 
of the radionuclides because the effective half-life is short 
compared to this work period (i.e., the term e~*™*/? in equa- 
tions 7 and 8 of the ICRP Internal. Radiation report ° is 
approximately zero for t=50 365 days). _Exceptions to this 
rule are listed in table 2. Column 5 of table 2 gives the effee- 
tive half-life, and column 6 gives the percent of equilibrium 
the body burden attains as a result of constant exposure to 
the MPC over a period of occupational exposure lasting 50 
years. Most of the exceptions are in the 5-f type rare earth 
group of elements which are assigned a biological half-life 
of 200 years. The extreme case is represented by 10 of these 
radionuclides which reach only 16 percent of equilibrium in 
the body in 50 years of occupational exposure. 

(d) In the case of a radionuclide which decays to form 
radioactive daughters, the calculation assumes that, only the 
parent radionuclide enters the body, but the estimated dose 
rate includes all the energy released by the daughter ele- 
ments formed in the body. There are two exceptional cases, 
Rn” and Rn”, where a state of equilibrium typical of that 
attained in ordinary air is assumed. These cases’ are discu 
in detail in the ICRP Internal Radiation report. In all other 
cases it is assumed that only the parent element enters the 
body. Because the various dingsta elements generally have 
different effective half-lives the percent of equilibrium at- 
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tained is generally not the same for all elements of a chain. 
Also, the effective energies, are not the same for different 
members of the chain so that the dose rate after 50 years’ 
exposure will generally not be the same percentage of the 
dose rate resulting from an equilibrium body burden as the 
figure shown in table 2. Thus for radionuclides which decay 
to form radioactive daughters these percentages give only a 
rough indication of the percent of equilibrium dose rate at- 
tained at the end of 50 years. 

(e) The assumptions and formulas are presented in terms 
of a compartment model, i.e., each organ is assigned a 
biological half-life and the radionuclide that accumulates in 
the organ is considered to be eliminated at a constant rate. 
In general, this is a drastic oversimplification of the situation 
since the organ retention usually requires several exponen- 
tials, or perhaps a power function, for its mathematical 
representation. Unfortunately, the biological information 
available generally does not yield detailed information on 
organ retention, particularly for the conditions and periods 
of exposure of interest here. In selecting MPC and bod 
burden values, the subcommittee has considered both mul- 
oe exponential and power function models for retention 
when such information is available and the values finally 
selected are in some cases chosen between those calculated by 
these models. In view of the large measure of uncertainty in 
many of these cases, and in the interest of uniformity and 
economy of presentation the biological data in the tables are 
given in terms of a single compartment model for each 
eer considered with a biological half-life for each. The 
values of these are selected to produce in 50 years of ex- 

osure at a relatively constant level, the retention indicated 

y the more detailed model, and thus may not represent 
accurately the situation for short-term exposure. (A 
discussion of the power function model and a table of the 
necessary parameters for its use are given in the appendix 
of the ICRP Internal Radiation report.) 

(f) If occupational exposure continues beyond 50 years, 
the dose rate will continue to rise in the case of the radio- 
nuclides listed in table 2 because they are not in a state of 
equilibrium under the assumed. conditions of constant 
exposure level at the MPC, but for the radionuclides not 
listed in table 2 the maximum permissible dose rate would 
not be exceeded. However, since the period of occupational 
exposure probably will not greatly exceed 50 years, and since 
the maximum permissible body burden, g, would be reached 
only after 50 years of occupational exposure at the MPC 
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values given in table 1, the average RBE dose rate over the 
working life of the individual will be well below the maximum 
ao RBE dose rate even for the isotopes in table 2. 

hile noteworthy, this observation does not alter the fact 
that the terminal RBE dose rates would be in violation of 
the criteria adopted in section 2, although the integrated 
RBE dose undoubtedly would be considerably less than that 
permitted for many radionuclides not listed in table 2. In 
the previous publications,' ? the calculations were based on 
a 70-year exposure. Although this change to an exposure 
period of 50 years has had very little effect on the MPC 
values (i.e., ® maximum increase of 27 percent in the MPC 
values for some of the radionuclides in table 2), it is believed 
that this change should be made in the calculations because 
for most workers in controlled areas the working period 
extends from age 18 to age 65 or less. 

(g) The average breathing rate 10‘1 per 8-hour work day; 
this is one-half the air breathed in 24 hours. 

(h) The average rate of water consumption is 1100 ml 
per 8-hour work day; this is one-half the water consumed in 
24 hours. 

(i) The dose from inert gases with radiation of sufficient 
energy to penetrate the minimal epidermal layer (7mg/cm?) 
results from external exposure to the surrounding cloud of 


pecaneiree gas rather than from the amount of gas in the 
ody. 3 

(j) With one exception, chemical toxicity is not considered 
in estimating the body burden or MPC values. However, 
in the case of uranium, the chemical toxicity has been con- 
sidered and is the limiting criterion for the longer-lived 
nuclides of uranium. 


3.2. Units of Ionizing Radiation Used in Table 1 


In table 1 the units are the microcurie (uc) and microcurie 
per cubic centimeter (uc/cc) for maximum permissible quan- 
tities of the various radionuclides in the total body, q, and 
for the maximum permissible concentrations in air, (MPC),, 
and in water, (MPC)... One curie is a quantity of a radio- 
active nuclide in which the number of disintegrations per 
second is 3.70010"; the microcurie then, is 1 millionth of 
this amount. In accordance with long established usage in 
internal dose calculations, however, a curie of recently ex- 
tracted uranium is considered to correspond to the sum of 
3.710" dis/sec from U%*, 3.710" dis/sec from U*, and 
9X 10® dis/sec from U**. Also, a curie of recently extracted 
thorium is considered to correspond to the sum of 3.710” 
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dis/sec from Th* and 3.7 x 10" dis/sec from Th?*. The rem 
is the unit of RBE dose of ionizing radiation in tissue. 
When a dose is expressed’in rems it is superfluous to call it 
RBE dose. Therefore, the unqualified term ‘‘dose’’ is 
used in such cases. The rem corresponds to the dose in 
tissue which results in a biological effect equivalent to that 
roduced per rad of X-radiation (of about 200 kv) having a 
Sen energy transfer, LET, to water of 3.5 kev per micron, 
ie., rem=RBEXrad. The rad corresponds to an energy 
absorption of ionizing radiation of 100 ergs per gram in any 
medium. in this case the energy absorption is in tissue. 
The relative biological effectiveness, RBE, in this report is 
taken as one for 8, y, X-radiation, and conversion electrons 
(for low energy 6 emitters, i.e., E,,<0.03 Mev, the RBE= 
1.7), 10 for a-particles, and 20 for recoil nuclei. The reader is 
referred to the Handbook by the International Commission . 
on Radiological Units for detailed information on units.” 


3.3. Critical Body Organ 


The values of body burden, q, in column 3 of table 1 are 
based on that amount of the radionuclide which is deposited 
in the total body and produces the maximum permissible 
RBE dose rate to the body organ listed in column 2. The 
concentration values in water (columns 4 and 6) and in air 
(columns 5 and 7) are in turn based on the intake by the 
standard man who accumulates this body burden as a conse- 
ei of occupational exposure for a period of 50 years. 

n most cases significantly different values of body burden 
result when effects on different organs are considered. The 
critical organ is determined by the following criteria: 
(1) the organ that accumulates the greatest concentration 
of the radioactive material; (2) the essentialness or indis- 
pensability of the organ to the well-being of the entire body; 
(3) the organ damaged by the entry of the radionuclide into 
the body; and (4) the radiosensitivity of the organ, e.g., the 
organ damaged by the lowest dose. Theoretically all of 
these considerations are taken into account through the use 
of the RBE factors, the basic standards, and the methods of 
calculation. Actually, except for a few radionuclides, 
case (1) above is the determining factor in choosing the 
critical body organ. For this revision, each radionuclide 
was studied individually. For some radionuclides as man 

as 12 reasonable choices of a critical organ were made wit 

the corresponding permissible body burden and concentra- 

_ of the International Commission on Radiological Units and Measuremen 


(ICRU) 1956, National Bureau of Standards Handbook 62 (1957). Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 25, D.C. 
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tion values calculated for each organ, and these are listed mm 
table 1. In the present state of our knowledge the organ 


giving the lowest MPC value seems the most likely choice | 


as the critical organ; therefore such organs and such minimal 
values are printed in boldface type. For each isotope the 
MPC values are listed first for soluble materials and then 
for insoluble materials. The values for soluble materials are 
ranked with increasing magnitude of (MPC), so that the 
first line in this group designates the critical organ determined 
primarily on the basis of having the lowest (MPC),. The 
values for insoluble materials are ranked according to the 
magnitude of (MPC),. The rankings based on (MPC), 
and on (MPC), may differ in some cases so the smallest 
MPC in each group is in boldface type to indicate it as a 
maximum permissible occupational exposure level for plant 
operation under the stated conditions. The MPC values for 
other organs (termed organs of reference in table 1) are 
given primarily as an aid in estimating MPC values for 
mixtures of radionuclides and thus by themselves are not 
permissible levels. 


The total body is listed as an organ of reference for all 
nuclides except a few of the inert gases. Values for the total 
body are included primarily as an aid in computing MPC 
values for mixtures, and as a check on the oversimplified 
model used. As mentioned in (e) above, this one-compart- 
ment model is selected to represent the long-term retention 
in the critical organ and may not represent adequately the 
situation in other organs. For example, radium and stron- 
tium are long-term: bone-seekers, but during the first day 
or two following ingestion appreciable amounts are present 
in the plasma and soft tissues. This amount may be neg- 
ligible so far as the 50-year accumulation in the bone is con- 
cerned, but a check is nece to determine that the amount 

resent in the plasma and soft. tissues does not. increase the 
dy burden in excess of the permissible limit. When 
present in a mixture, perhaps with other isotopes that con- 
centrate primarily in the soft tissues, the dose delivered by 
this component of the total quantity should not be neglected. 
The MPC based on the retention of radionuclides in the total 
body also supplies a ready means of estimating the inte- 
grated dose, 1.e., the dose to the body as a whole. 

While the basic rules do not directly limit the integrated 
dose except in the case of whole body irradiation, knowled 
of it is of considerable interest. Because the total body limit 
for constant-level exposure is based on an average of 5 rems 
per year (0.1 rem per week), the total body is sometimes the 
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critical organ. Because the GI tract often receives a greater 
absorbed dose than any other body organ, and is frequently 
the critical organ for exposure to mixed fission products, it 
is, with few exceptions, included as an organ of reference for 
the soluble form of the radionuclides in table 1. MPC values 
are given also for the insoluble form of the radionuclides in 
which case the critical organs are the lungs or the GI tract. 


3.4. Maximum Permissible Concentration of Unidentified Radio- 
nuclides (MPCU) 


The identity of the radioactive contaminants in air, water, 
and food must be established before appropriate MPC values 
can be applied either for omnes exposure or for ex- 
posure to population outside of controlled areas. In many 
cases there is no question regarding the identity of a radio- 
nuclide because the operation involves only one radionuclide. 
Sometimes, however, preliminary surveys of radioactive 
contamination leave considerable uncertainty as to which 
radionuclides are the major contributors. When a labora- . 
tory is using a number of radionuclides, such as mixed 
fission products, an air sample may furnish only a few clues 
as to the identity of the radionuclide. By using the simplest 
of equipment and techniques, the level of air contamination 
may be established in a matter of minutes, but hours or even 
days may be required to conduct the radiochemical analyses 
necessary to identify the particular radionuclides that are 
present in the air. Fortunately, in such cases it is usually 
not necessary to go through a tedious, time-consuming and 
expensive radiochemical analysis. If it is known that certain 
of the more dangerous radionuclides could not be present 
(i.e., the concentration of the more dangerous radionuclides 
is small compared with the MPC values in table 1) the 
operation may be continued safely regardless of the radio- 
nuclide or mixture of radionuclides, provided the concen- . 
tration does not exceed the values for MPC of unidentified 
radionuclides (MPCU) as listed in table 3 for water or in 
table 4 for air. These MPCU values are applicable to con- 
tinuous occupational exposure (168 hours per week) and 
should be multiplied by 1/10 if they are to be applied as 
interim values outside, and in the neighborhood of, the 
controlled exposure area. It should be pointed out that 
the use of MPCU values may save an immense amount of 
effort and expense if they are applied properly to avoid 
unnecessary radionuclide analyses in areas where the air, 
water, and food contamination is usually less than the appro- 
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priate MPCU values. On the other hand, they can impose 
a needless penalty if improperly applied. For example, if 
initial measurements indicate a negligible amount of Ra” 
and Ra? in the drinking water of a small community near 
an atomic energy laboratory, and if it is determined by daily 
gross 8+ y sample counting that the activity does not exceed 
the (MPCU), value, (1/10*1X107* pe/ee=1X 107’ pe/ee) 
it would seem foolish to carry out a daily radiochemical 
analysis of this water. If, on the other hand, the level ranged 
between 10-5 and 21075 ue/ce, it would be unwise to shut 
down the plant or to instigate an expensive modification 
of the operation without first identifying the radionuclides 
for it might be that the contamination in the water is from 
Na* and P*. In this case the appropriate (MPC), value for 
application in the neighborhood of the plant is 1/102 x 
10“°-=2X107* and 1/10X2x10-*=2xX1075, respectively 
(see table 1). 


3.6. Modifications Required for Other Applications 


The MPC values listed in table 1 are primarily intended 
for occupational exposure. Nevertheless, they are frequently 
used for a variety of other purposes. In most cases the condi- 
tions of exposure will not strictly conform to the conditions 
assumed for the calculation of these values. Thus, great care 
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and judgment should be used to insure that the departure 
from the conditions of occupational exposure assumed in 
table 1 are not so great ds to completely invalidate the use 
of these values. In order to guard against the all-too fre- 
quent misuse of these values, some of the more common 
pitfalls that may often lead to large discrepancies will be 
mentioned. ! 

A 50-vear exposure period is assumed in deriving the MPC 
values in table 1, and the exposure level is assumed to be 
constant. Thus a transient situation (e.g., fallout shortly 
after a nuclear detonation or a major reactor accident where 
the level of activity is rapidly decreasing, and even the rela- 
tive abundance of different radionuclides will be changing) 
presents a hazard widely different from the constant level 
50-year occupational exposure which is assumed. The meas- 
ure of difference is here so large that to attempt to correct 
it amounts to a new calculation. 

The (MPC), values listed in table 1 may, with caution, 
be applied to foods but to use the (MPC), for the 168-hour 
week without correction for actual intake amounts to assum- 
ing that 2200 grams "* of the individual’s food, (i.e., substan- 
tially all his food) is contaminated at this level and that this 
situation will persist for 50 years, or until equilibrium is 
reached in the body. Obviously, a correction factor to take 
account of the food intake is needed, but to simply use the 
ratio of 2200 grams to the grams of intake of a particular 
food (e.g., butter) as correction factor amounts to assumin 
no other foods or beverages are contaminated. Again all 
the factors in the total situation must be considered and 
great judgment must be used in making such corrections. 

Frequently the MPC values are used to obtain estimates 
of dose from large single intakes of a radionuclide. In many 
cases this is warranted but there may well be many cases 
where the distribution in the body following an acute exposure 
to the nuclide is markedly different from the distribution pat- 
tern reached following continuous, low-level exposure. For 
example, many nuclides concentrate in bone with a long bi- 
ological half-life which leads to a large bone burden of the 
nuclide after many years of exposure. Then the bone is the 
critical organ although the fraction of the daily intake reach- 
ing the bone may be much smaller than that passing — 
the GI tract. For an acute single dose the GI tract may be 
the critical organ. 

Many other factors may have a large effect in determining 
the proper value for a maximum permissible limit. The 


* The average daily intake of water for the standard man. 


54561 O—60- 72 
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relative abundance or scarcity in the diet of other nonradio- 
active nuclides with similar chemical properties, the wide 
range of physiological differences as well as differences in 
habits, age and sex, and the chemical form of the radio- 
nuclide or the size of the particle to which it is attached, may 
account for large changes in the value of the MPC in some 
cases. Many of these factors as well as others are being care- 
fully studied at the present time, and we may expect that 
our knowledge of their influence on the permissible levels 
will be more precise. In the present state of our knowledge, 
the modification or adaptation of the values listed in table 1 
for application to other situations than those specified by 
the exposure categories of the basic rules requires the careful 


consideration and mature judgment of competent experts in 
this field. 





[EXCERPTS] 


RADIATION PROTECTION—RECOMMENDATIONS OF 
THE INTERNATIONAL COMMISSION ON RADIO- 
LOGICAL PROTECTION 


(Adopted September 9, 1958) 


PREFACE 


The International Commission on Radiological Protection (ICRP) 
has been functioning since 1928 when it was established, under the 
name of International X-ray and Radium Protection Commission, by 
the Second International Congress of Radiology held in Stockholm 
Sweden. It assumed the present name and organizational form in 
1950 in order to cover more effectively the rapidly expanding field of 
radiation protection. 

The recommendations published in the present volume represent 
concepts and practices evolved from discussions at formal and infor- 
mal meetings of the Commission and its Committees, held in recent 
years. Prior to Word War II the Commission published recom- 
mendations at intervals of about three years. The first meeting in the 
post-war period was held in London in 1950. An informal meeting 
was held in Stockholm in 1952 in connection with the conference 
organized by the International Joint Committee on Radiobiology 
alagmcsh to discuss the genetic effects of radiation. The next meet- 
ing was held in Copenhagen in 1953, at which time four of the Com- 
mittees held formal meetings for the first time. The results of the 
deliberations were published in 1955 as Supplement. No. 6 of the 
British Journal of Radiology. The Commission and its Committees 
met again in the spring of 1956 in Geneva, at which time most of the 
recommendations in the present volume were adopted in principle. 
At this meeting the Commission became formally affiliated with the 
World Health Organization (WHO) as a “non-governmental partici- 
pating organization”. 

he Commission (ICRP) and the International Commission on 
Radiological Units (ICRU) held a special joint meeting in New 
York in the fall of 1956 to consider an invitation from the United 
Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) for cooperation in the phase of its work involving 
exposure from medical procedures, The two Commissions accepted 
the assigned task and submitted a report to UNSCEAR, published 
in the October 1957 issue of Physics in Medicine and Biology. Funds 
for expenses incurred in the preparation of the report were provided 
by the UNSCEAR. At the time of this joint meeting the Com- 
mission held an informal meeting to discuss further the recommenda- 
tions to be made following the eamerabiond in Geneva earlier in the 
year. Additional discussions were carried out at another special 
meeting of the Commission held in New York in the spring of 1958. 
At this time an ad hoc Publication Committee was appointed to expe- 
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dite the preparation of the manuscripts. This Committee held a 
two-week meeting in New York in May and prepared a first draft of 
the recommendations, which was sent out to all members of the Com- 
mission. The Committee met again during the second half of July 
and revised the first draft in accordance with suggestions made by 
members of the Commission. At this time, the Committee reviewed 
also the available drafts of the reports of the Commission’s Com- 
mittees. 

In the preparation of the Commission’s recommendations, the 
Publication Committee found it necessary to fill certain gaps involv- 
ing items that had not been formally discussed and approved by the 
Commission. For this reason advantage was taken of the presence 
of seven members of the Commission in Geneva in September 1958 
to review the second draft and make appropriate changes. The 
amendments were sent to the members wht could not attend this 
meeting. The final draft embodies further comments made by mem- 
bers of the Commission. 

Many individuals, who are not members of the Commission, were 
consulted in the preparation of the recommendations and their co- 
operation is gratefully acknowledged. In particular the recommenda- 
tions on genetic dose were discussed by the Chairman of the Publica- 
tion Committee with several prominent geneticists at the Xth Inter- 
national Congress of Genetics in Montreal, August 1958. It should 
be noted, also, that Committee I at its 1956 meeting in Geneva, pre- 
pared the first draft of the new recommendations adopted by the 
Commission at that time, which provided the basis for the recom- 
mendations published in the present volume. 

In recent years the Commission has received financial assistance from 
the International Society of Radiology, the National Association of 
Swedish Insurance Companies and private Swedish sources for inci- 
dental secretarial expenses. Practically all the work of the Commis- 
sion has been done on a voluntary basis by its members and members 
of its Committees. The Commission is heavily indebted to them for 
their efforts and to their parent organizations for technical and secre- 
tarial help. The World Health Organization contributed funds for 
travel expenses of some members of the Publication Committee, for 
secretarial help and for incidental expenses in the preparation and 
circulation of the manuscripts. The Commission takes this opportu- 
nity to express its deep appreciation of these contributions, without 
which the preparation of the present recommendations would have 
been greatly hampered. 

The chairman of the Publication Committee and the Temporary 
Secretary wish to thank the members of the Commission for their co- 
operative and prompt replies to the numerous questionnaires and bal- 
lots that had to be circulated in the course of preparing the final man- 
uscript. Thanks are due also to the members of the Publication Com- 
mittee who prepared the first two drafts. 

The Commission is happy to announce that the Pergamon Press has 
generously assumed financial responsibility for the publication and 
distribution (at modest prices and without copyright restrictions) of 
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the present volume and others in preparation embodying the reports 
of the Commission’s Committees. 
: Rour M, Stevert, 
Chairman of ICRP. 
GIOACCHINO Farina, 
Vice Chairman ICRP, Chairman of Publication Committee. 


ORGANIZATION 


RULES GOVERNING THE SELECTION AND WORK OF THE INTERNATIONAL 
COMMISSION ON RADIOLOGICAL PROTECTION 


1) The International Commission on Radiological Protection 
(ICRP) functions under the auspices of the International Con of 
Radiology. The following rules, amended in 1953 by the Interna- 
tional Executive Committee (IEC) of the Congress, govern the selec- 
tion and work of the ICRP. 

I. (2) The International Commission on Radiological Protection 
(ICRP) shall be composed of a Chairman and not more than 12 
members. The selection of members shall be made by the Interna- 
tional Executive Committee (IEC) from a list of nominations sub- 
mitted by the national delegations and by the International Com- 
mission on Radiological Protection itself. Members of the ICRP 
shall be chosen on the basis of their recognized activity in the fields 
of radiology, radiation protection, physics, biology, genetics, bio- 
chemistry, and biophysics, without regard to nationality. 

(6) The members of the ICRP shall be selected during one Inter- 
national Congress to serve through the succeedin a. Not 
less than two, but not more than four, members of the ICRP shall be 
changed at each Congress. In the intervening period a vacancy 
caused by conditions beyond the control of the [EC shall be filled on 
the recommendation of the ICRP. 

(ec) In the event of a member of the ICRP being unable to attend 
the ICRP meetings, a substitute may be selected by the ICRP as a 
temporary replacement. Such a substitute member shall not have 
eae privileges at the meetings unless specifically authorized by the 


_ (d) The ICRP shall be permitted to invite individuals to attend 
its meetings to give special technical advice. Such persons shall not 
have voting privileges, but may ask permission to have their opinion 
recorded in the minutes. 

II. The continuance of the records of the ICRP shall be in the 
hands of a Secretary of the ICRP elected by the ICRP from among 
its or members and subject to the approval of the TEC. 

Ill. The ICRP shall Seneillagian itself with p in the whole 
field of radiation protection. The Secretary shall be responsible for 
the Essparation of a programme to be submitted to the Commission 
for discussion at its meetings. Preliminary reports shall be prepared 
and circularized to all members of the ICRP and other specially quali- 
fied individuals at least six months before the meeting of the Congress. 

IV. The Chairman shall be elected by the ICRP during one Con- 
e to serve through the succeeding Congress. The choice shall not 
encrang to the country in which it is proposed to hold the succeeding 

ngress. 
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V. Decisions of the ICRP shall be decided by a majority vote, with 
the Chairman casting the deciding vote in case of a tie. A minori 
opinion may be appended to the minutes of a meeting if so desired by 
any member and upon his submission of same in writing to the 
Secretary. 

POLICY OF THE COMMISSION 


(2) The policy adopted by the ICRP in preparing its recommenda- 
tions is to deal with the basic principles of radiation protection, and 
to leave to the various national protection committees the right and 
the responsibility of introducing the detailed technical regulations, 
recommendations, or codes of practice best suited to the needs of their 
individual countries. 

(8) The Commission’s recommendations have been kept continually 
under review in order to cover the increasing number and scope of 
potential radiation hazards, and to amend safety factors in the light 
of new knowledge concerning the effects of ionizing radiations. 


OFFICIAL RELATIONS WITH THE WORLD HEALTH ORGANIZATION 


(4) In accordance with rules laid down by the World Health Assembly for 
the admission of non-governmental organizations into official relations with the 
World Health Organization, such relations were established between the ICRP 
and WHO in 1956 and were reaffirmed in 1958. This arrangement has been 
eminently satisfactory to the Commission and it is hoped that it will continue. 


COMPOSITION OF THE ICRP AND ITS COM MITTEES 


(5) During the preparation of these recommendations the ICRP has had 
the following composition : 


Main Commission 
1953-56 


Sir Ernest Rock Carling, Chairman R. G. Jaeger (Germany) 
(Great Britain) W. V. Mayneord (Great Britain) 
W. Binks, Secretary (Great Britain) K. Z. Morgan (United States) 
A. J. Cipriani (Canada ) R. M. Sievert (Sweden) 
G. Failla (United States) _ R, 8. Stone (United States) 
H. Holthusen (Germany) L. 8. Taylor (United States) 
J. C. Jacobsen (Denmark) M. Tubiana (France) 


1956—- 


R. M. Sievert, Chairman (Sweden) W. V. Mayneord (Great Britain) 
G. Failla, Vice Chairman (United K. Z. Morgan (United States) 
States) R. S. Stone (United States) 
W. Binks, Secretary* (Great Britain) L.S. Taylor (United States) 
L. Bugnard (France) E. A. Watkinson (Canada) 
H. Holthusen (Germany) Sir Ernest Rock Carling, Chairman 
J.C. Jacobsen (Denmark) emeritus (Great Britain) 
R. G. Jaeger (Germany ) 

1Mr. Binks resigned as Secretary in 1957, for health reasons. After his resignation 


E. E. Smith (Great Britain) served as Acting Secretary, and since August 1, 1957, B. 
Lindell (Sweden) has served as Temporary Secretary. 
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Committee I (Permissible dose for external radiation) 


_ 1953-56 


G. Failla, Chairman (United States) 
L. Bugnard (France) 

D. G. Catcheside (Australia) 

J.C. Jacobsen (Denmark) 

J. F. Loutit (Great Britain) 


G. Failla, Chairman (United States) 
A. R. Gopal-Ayengar (India) 

G. Bonnier (Sweden) 

L. Bugnard (France) 

D. G. Catcheside (Great Britain) 
J.C. Jacobsen (Denmark) 

T. Kemp (Denmark) 


H. J. Muller (United States) 
Jens Nielsen (Denmark) 

R. M. Sievert (Sweden) 

R. S. Stone (United States) 
Shields Warren (United States) 


1956-— 


R. Latarjet (France) 

J. F. Loutit. (Great Britain) 

H. J. Muller (United States) 
Jens Nielsen (Denmark) 

R. M. Sievert (Sweden) 

R. S. Stone (United States) 
Shields Warren (United States) 


Committee II (Permissible dose for internal radiation) 


1953-56 


K. Z. Morgan, Chairman 
States) 

W. Binks (Great Britain) 

A. M. Brues (United States) 


A. J. Cipriani (Canada) 


K. Z. Morgan, Chairman 
States) 

W. Binks (Great Britain) 

A.M. Brues (United States) 

W. H. Langham (United States) 

L. D. Marinelli (United States) 


(United W.H. Langham (United States) 


L. D. Marinelli (United States) 
W. G. Marley (Great Britain) 
G. J. Neary (Great Britain) 

E. E. Pochin (Great Britain) 


1956- 
(United W.G. Marley (Great Britain) 


M. K. Nakaidzumi (Japan) 
G. J. Neary (Great Britain) 
M. N. Pobedinski (U.S.S.R.) 
BP. E. Pochin (Great Britain) 
C. G. Stewart (Canada) 


Committee III (Protection against X-rays up to energies of 3 MeV and 
B- and y-rays from sealed sources) 


1953-56 


G. Jaeger, Chairman (Germany) 
. Benner (Sweden) 
. B. Braestrup (United States) 
. E. Eddy (Australia) 
. Garrett (Canada) 
. Holthusen (Germany) 


R. G. Jaeger, Chairman (Germany) 

BE. EB. Smith, Vice Chairman (Great 
Britain) 

8. Benner (Sweden) 

J. Bouchard (Canada) 

C. B, Braestrup (United States) 

B. Combee ( Netherlands) 

C. Garrett (Canada) 

T. Gauwerky (Germany) 


*From March 1958. 


P, Rénne (Denmark) 

W. J. Oosterkamp (Netherlands) 
E. E. Smith (Great Britain) 

H. O. Wyckoff (United States) 
J. Zakovsky (Austria) 


1956— 


H. Holthusen (Germany) 
P. Rénne (Denmark) 
D. J. Stevens ( Australia )* 
H. O. Wyckoff (United States) 
J. Zakovsky (Austria) 
A. Zuppinger (Switzerland) 
Technical Secretary : 
W. Hiibner (Germany) 
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Committee IV (Protection against electromagnetic radiation above 3 MeV and 
electrons, neutrons and protons) 


1953-56 


W. V. Mayneord, Chairman J.S. Laughlin (United States) 
(Great Britain) J.S. Mitchell (Great Britain) 
L. H. Gray (Great Britain) B. Moyer (United States) 
H. B. Johns (Canada ) C. A. Tobias (United States) 
H. W. Koch (United States) F. Wachsmann (Germany) 
P. Lamarque (France) 
1956- 


H. E. Johns, Chairman (Canada) W. H. Koch (United States) 

J. 8. Mitchell, Vice Chairman J.S. Laughlin (United States) 
(Great Britain) W. V. Mayneord (Great Britiain) 

L. H. Gray (Great Britain) C. A. Tobias (United States) 

F.. Hercik (Czechoslovakia ) M. Tubiana (France) 

G. Joyet (Switzerland) F. Wachsmann (Germany) 


Committee V ( Handling of radioactive isotopes and disposal of radioactive 
waste) 


1953-56 


J. Cipriani, Chairman (Canada) E. H. Quimby (United States) 
P. Jammet (France) C. P. Straub ( United States) 
Key (Great Britain) E. A. Watkinson (Canada) 

. G. Marley (Great Britain) F. W. Western (United States) 
E. Pochin (Great Britain) 


A. 
H. 
A. 
Ww 
E. 


1956- 


C. P. Straub, Chairman (United States) A. Perussia (Italy) 

E. E. Pochin, Vice Chairman } BE. H. Quimby (United States) 
(Great Britain) F. D. Sowby (Canada) 

H. P. Jammet (France) F. W. Western (United States) 

A. W. Kenny (Great Britain) Technical Secretary : 

W. G. Marley (Great Britain) G. G. Robeck (United States) 

C. A. Mawson (Canada) 


1958 Publication Committee (ad hoc) 


G. Failla, Chairman (United States) H. H. Rossi (United States) 
E. BD. Anderson ( United States) F. D. Sowby (Canada) 
B. Lindell (Sweden) 


RECOMMENDATIONS OF THE COMMISSION 
A. PREFATORY REVIEW 


(1) Prior to the Geneva meeting of the Commission in April 1956, 
permissible levels of exposure to ionizing radiation had been expressed 
in terms of a dose in a rather short interval of time (1 day or 1 week), 
that is, essentially, in terms of an ave: dose rate—the average re- 
ferring to the temporal distribution of the dose in the specified inter- 
val of time. Implicitly, if not explicitly, it was assumed that if this 
average dose rate was low enough, no appreciable bodily injury woul 
become apparent in the lifetime of the individual. The assumption 
was based largely on radiological experience which. indicated that 
substantial skin recovery occurred within a few months following 4 
moderate therapeutic dose and that the latent period for some long- 
term effects of, radiation (e.g. cancer of the skin) resulting from 
residual tissue damage, was longer the lower the dose (or dose rate 
in the case of chronic exposure). Thus, in an occupational exposed 
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individual a long-term effect might not become apparent in his life- 
time, even if a certain amount of permanent injury had occurred. 

(2) The basic permissible weekly dose at that time was 0.3 
rem/week. Assuming that a person was occupationally exposed at 
this rate (50 weeks a year) for 50 years, the permissible accumulated 
dose would be 750 rems in the most critical organs or essentially 
throughout the body. It was realized then that this constituted a 
“large” lifetime dose and an appropriate warning was included in 
the Commission’s report of 1955. 

(3) The general awareness of radiation hazards, induced caution 
on the part of those responsible for the protection of workers. Ad- 
ministratively, liberal factors of safety were often used especially in 
large atomic energy installations. As a result it was found that in 
general the actual exposure of personnel was kept at levels much below 
the then existing permissible limits. 

(4) At the 1956 meeting of the Commission it became evident that 
stricter recommendations were needed. The 1955 Conference on the 
Peaceful Uses of Atomic Energy had aroused great interest. in the 
development of atomic power plants throughout the world. In time 
this would greatly increase the number of persons aoenpee ann ex- 
posed and would also bring about actual or oa exposure of 
other persons and the population as a whole. More importantly, the 
pressure for producing power economically might well do away with 
the “safety factors” mentioned above. Also, the average duration of 
occupational exposure per individual worker might increase. On the 
biological side it was considered that perhaps “recovery” plays a less 
important part in the long-term effects of radiation to be expected 


from continued exposure at low levels, than was earlier supposed. 
Because of the larger number of — who would be ex occu- 
a 


— or otherwise, genetic damage assumed greater importance. 
is was accentuated in no small degree by the realization that in 
some countries the per capita genetic dose contributed by medical pro- 
cedures was about the same as that contributed by background 
radiation. 

5) Statistical studies had shown that the incidence of leukemia in 

iologists was significantly greater than in other physicians who 
presumably were not professionally exposed to radiation. Of neces- 
sity these radiologists included those who had practiced their spe- 
cialty at the time when radiation protection was not very effectively 
carried out. Therefore, the accumulated doses received by those who 
developed leukemia may have been much higher than the 750 rems 
mentioned above. On the other hand, since most of the exposure of 
these radiologists resulted from diagnostic procedures carried out 
with low voltage X-rays, the lifetime dose in the blood-forming or- 
gans may have been lower than 750 rems even if the skin dose, espe- 
cially in some parts of the body was much higher. The mechanism 
of leukemia induction by radiation is not known. It may be. postu- 
lated that if the dose is lower than a certain threshold value no leu- 
kemia is produced. In this case it would be necessary to estimate the 
threshold dose and to make allowances for recovery, if any. There 
18 not sufficient information to do this, but caution would suggest that 
an accumulated dose of 750 rems might exceed the threshold. The 
most conservative approach would to assume that there is no 
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threshold and no recovery, in which case even low accumulated doses 
would induce leukemia in some susceptible individuals, and the inci- 
dence might be proportional to the accumulated dose. The same 
situation exists with respect to the induction of bone tumors by bone- 
seeking radioactive substances. 

(6) Presently available longevity studies differ as to whether there 
is a stastistically significant life shortening in radiologists as com- 
pared to other specialists presumably not occupationally exposed to 
radiation. However, in mammals chronically oo at different 
daily doses a definite effect on longevity becomes clearly apparent at 
the higher daily doses. If extrapolation to lower daily doses, and 
then to man, is justified, it may be concluded that occupational ex- 
posure at presently accepted permissible limits may entail some life 
shortening. This effect may be interpreted as a slight acceleration 
of the natural aging process. 

(7) The effects just discussed illustrate the two different types of 
possible long-term somatic effect that must be considered in setting 
up permissible limits of exposure. The first type (leukemia) is a 
serious effect occurring in some individuals and, therefore, the aim 
of protection would be to reduce the incidence to the lowest practical 
limit. The second type (life shortening) is presumably an effect on 
every individual and, therefore, the aim of protection would be to 
reduce the degree of effect to the lowest practical value. The defini- 
tion of permissible dose has been changed to include explicitly these 
two types of possible effect. 

(8) Genetic effects manifest themselves in the descendants of ex- 
— individuals. The injury, when it appears, may be of any 

gree of severity from Son mo on to lethal. A slight injury 
will tend to occur in the descendants for many generations, whereas 
a severe injury will be eliminated rapidly through the early death 
of the individual carrying the defective gene. Thus the sum total of 
the effect caused by a defective gene until it is elimimated may be 
considered to be roughly the same. The main consideration in the 
control of genetic damage (apart from aspects of individual mis- 
fortune) is the burden to society in future generations imposed by 
an increase in the proportion of individuals with deleterious muta- 
tions. From this point of view it is immaterial in the long run 
whether the defective genes are introduced into the general pool by 
a few individuals who have received large doses of radiation, or by 
many individuals in whom smaller doses have produced correspond- 
ingly fewer mutations. However, even in this case it is desirable to 
limit the dose received by an individual. 

(9) In view of the foregoing, recommendations are made in this 
report in terms of maximum permissible doses for individuals and 
for population groups. In either case limits are set on the basis of 
dose accumulated over a period of years rather than in terms of & 
weekly dose that could be received for an indefinite period of time. 
The concept of limiting the accumulated dose was introduced by the 
Commission at its 1956 meeting im Geneva. The limitation of ac- 
cumulated dose suggested at the time corresponds roughly to a three- 
fold reduction in weekly dose, for example, in the case of whole body 
occupational exposure when the exposure takes place approximately 
at a constant rate. 
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(10) In practice the problem of chief concern is chronic exposure 
either at low dose rates or by intermittent small doses. Under these 
conditions it is reasonable to assume that the dose accumulated over 
a period of years is the controlling factor ided the intermittent 
doses are sufficiently small. Thus, in addition to limiting the ac- 
cumulated dose it is necessary to limit the magnitude of a single dose 
(that is, a dose received in a short interval of time). Previously a 
single exposure equal to the maximum permissible weekly dose 
(“seven consecutive days”) was permitted. Following the same pat- 
tern, the single dose limit for occupational exposure recommended in 
the present report is expressed in terms of the maximum permissible 
dose accumulated in a period of “13 consecutive weeks”. The recom- 
mended value for the relevant organ (e.g. 3 rems for the blood- 
forming organs) has been made as high as it appears prudent, in 
the light of present knowledge. The stipulation of any 13 consecu- 
tive weeks has been made to make sure that operations are carried 
out in such a way that intermittent does approximating the full 13 
week quota do not occur at short intervals. 

(11) In the recommendations published in 1955 maximum permis- 
sible limits were set on the basis of doses received by certain organs 
and certain serious late effects known to occur in them with sufficiently 
large doses. Provisions were made by means of an arbitrary “dose 
distribution curve” (in the report of Committee I) to limit the dose 
in other organs and tissues. This was made necessary by the adop- 
tion of a maximum permissible dose for the skin twice as large as 
that for the blood-forming organs (with an assumed effective depth of 
5 em). In the present report separate recommendations are made 
for three groups of organs or tissues: 

(a) Blood-forming organs, gonads and lenses of the eyes. 

(6) Skin and thyroid gland. 

(c) All other organs or tissues, specifically as regards exposure 
essentially limited to the organ or tissue in question. 

(12) For the blood-forming organs, gonads and the lenses of the 
eyes the limits for occupational exposure are set in terms of the dose 
accumulated at various ages, according to the formula D=5(N—18), 
where ) is the dose in rems and J is the age in years, with the addi- 
tional stipulation that the dose accumulated during any 13 consecu- 
tive weeks shall not exceed 3 rems, 

(13) For the skin and the thyroid gland the limit for occupational 
exposure is set in terms of the dose accumulated during any 13 con- 
secutive weeks, and the recommended value is 8 rems. This is derived 
from an average of 0.6 rem/week (the maximum permissible weekly 
dose formerly recommended for the skin of the whole body) which in 
13 weeks amounts to 7.8 rems, and the nearest whole number isused to 
avoid the implication of greater accuracy than is warranted by present 
knowledge. The limit for the dose in these-tissues accumulated in 1 
year is (0.650) =30 rems. It should be noted that the new recom- 
mendation refers to the dose in the skin itself, irrespective of the dose 
distribution in the subcutaneous tissues. Therefore, the comparison 
should be made with the previous recommendation for exposure to 
radiation of very low penetrating power, for which the recommended 
limit was 1.5 rem/week. Accordingly, in this case also a reduction 
has been made in the accumulated dose, but the single exposure limit 
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has been increased from 1.5 to 8 rems. This should provide more 
flexibility in practice than was possible formerly. 

(14) For all organs and tissues of the body except the blood-forming 
organs, the gonads and the lenses of the eyes, the limit for occupa- 
tional exposure is set in terms of the dose accumulated during any 13 
consecutive weeks. With the exception of the skin, the pertinent prac- 
tical cases in this category relate to exposure from internal sources es- 
sentially limited to individual organs or tissues. The following points 
require consideration. Whereas in the case of the blood-forming or- 
gans, the gonads, the lenses of the eyes and the skin, the objective of 
protection is to prevent or minimize definitely known types of injury, 
in the case of other organs the type of injury is not known. (Bone 
constitutes the only exception, in which case the relevant injury is 
cancer and permissible limits may be set on the basis of data furnished 
by human subjects who accumulated radium in their skeletons.) Pos- 
sibly, radiation in sufficient dosage may increase the incidence of can- 
cer in one of these organs (e.g. the thyroid gland) or it may accelerate 
aging of the organ. In the absence of factual data, it was deemed 
prudent in earlier recommendations of the commission to set the maxi- 
mum permissible limit for these organs, when irradiated by internal 
sources, as low as that for the more sensitive organs such as the gonads, 
that is, 0.8 rem/week. When the exposure is essentially limited to 
one organ because of the more or less selective accumulation of a cer- 
tain radioactive isotope therein, it is obvious that this limit embodiesa 
factor of safety not present when the whole body is ex at the 
same permissible limit. For this reason and the fact that none of 
these organs is known to be as sensitive as the blood-forming organs, 
the gonads and the lenses of the eyes, the Commission has decided to 
retain the previously recommended maximum permissible dose of 0.3 
rem/week for each organ singly (with some exceptions noted in the 
report of Committee Il). However, the limit is now expressed in 
terms of 13 consecutive weeks, which makes it 4 rems, in round figures, 
with an annual accumulated dose of 15 rems. Committee II has made 
the necessary adjustments to conform with the lower permissible limits 
now recommended for some organs and for what may be regarded as 
constituting “whole body” exposure (e.g. isotopes distributed through- 
out the body, or several isotopes present simultaneously, each concen- 
trating significantly in a different organ). 1 

(15) The Commission has given particular attention to the difli- 
cult problem of setting permissible limits for exposure of persons im 
the neighborhood of radiation installations. The chief. obstacle is 
the almost complete lack of knowledge of the deleterious effects that 
may result from low level exposure starting at conception and con- 
tinuing throughout life. It is reasonable to expect a more marked 
effect than in the case of exposure starting after the individual has 
reached maturity (for one thing, because the period of exposure 15 
longer), but it is very difficult to decide what allowance to make. 
Guidance could be obtained from suitable experiments carried out 
with mammals and it is hoped that such studies will be undertaken 
soon in some laboratories. In the meantime caution is in order. 
Commission recommends that provisions be made in a controlled area 
or areas to make sure that under normal operating conditions no child 
residing outside such controlled areas, receive more than 0.5 rem/ 
year (in the appropriate organs) from radiation or radioactive ma- 
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terial originating in the controlled area or areas. In practice it may 

be expected that while fluctuations in exposure rate would occur, 

they would not be such as to require special limitations. It will be 

noted that this is one-tenth of the Jowest annual dose in any organ 

rmitted for occupational exposure. It includes contributions made 

y externa] and internal sources but does not include doses contributed 
by natural background radiation or medical procedures. 

(16) Special groups of adults in the vicinity of a controlled area 
are permitted to receive larger annual doses in the gonads, the blood- 
forming organs and the lenses of the eyes, by a factor of three (i.e. 
1.5 rems). No biological significance should be attached to the mag- 
nitude of this factor, since present radiobiological information is 
grossly inadequate in this respect. The value recommended (1.5 rems/ 
year) is one tenth of the former maximum possible annual dose for oc- 
cupational exposure, on the basis of 0.3 rem/week in the most sensitive 
organs. (See also paragraphs 54, 56 and 57.) 

(17) Planning for the future expansion of nuclear energy programs 
and the more extensive uses of radiation, requires measures intended to 

rotect whole populations. (Genetic damage is of greatest concern 
in this regard. The problem has been discussed by various national 
and international groups and tentative suggestions have been made. 
The Commission considered the problem at its 1956 meeting and later 
issued a statement in general terms. However, recommendations in 
quantitative terms are needed in the design of power plants and other 
radiation installations and particularly in making plans for disposal 
of radioactive waste products. It is of the utmost importance in this 
connection to make sure that nothing is done now that may prove 
to be a serious hazard later, which cannot be corrected at all or will 
be very expensive to correct. The Commission is aware of the fact 
that a proper balance between risks and benefits cannot yet be made, 
since it requires a more quantitative appraisal of both the probable 
biological damage and the probable benefits than is presently possible. 
Furthermore, it must. be realized that the factors influencing the bal- 
ancing of risks and benefits will vary from country to country and 
that the final decision rests with each country (insofar as operations 
within one country do not affect other countries). 

(18) The Commission wishes to point out that it is important to 
assign quotas of a maximum permissible genetic dose to the different 
modes of exposure, in order to make sure that those responsible for 
the control of exposure in one category do not take up a dispro- 
portionate share of the permissible total in their planning. How- 
ever, at this time it is deemed best not to assign rigid quotas, Asa 
5 guide an illustrative apportionment is appended to para- 
graph 65. 

(19) Briefly, the suggested limit for the genetic dose was arrived 
at in the following manner: Estimates made by different national and 
international scientific bodies indicate that a per capita gonad dose of 
6-10 rems accumulated from conception to age 30 from all man-made 
sources, would impose a considerable burden on society due to genetic 
damage, but that this additional burden may be regarded as tolerable 
and justifiable in view of the benefits that may be expected to accrue 

the expansion of the practical applications of “atomic energy.” 
There is at present considerable uncertainty as to the magnitude of 
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the burden (see for example the report of the United Nations Scien- 
tific Committee on the Effects of Atomic Radiation) and, therefore, it 
is highly desirable to keep the exposure of large populations at as 
low a level as practicable, with due regard to the necessity of provid- 
ing additionéd' sources of energy to meet the demands of modern 
society. A genetic dose of 10 rems from all man-made sources is 
regarded by most geneticists as the absolute maximum and all would 
prefer a lower dose. In some countries the genetic dose from medical 
procedures has been estimated to be about 4.5 rems (see Report of 
Joint Study Made by ICRP-ICRU for the U.N. Scientific Com 
mittee). Therefore, 1f the limit for the genetic dose from all man- 
made sources were set at 6 rems, the contribution from all sources 
other than medical procedures, would be limited to 1.5 rems in these 
countries. This would impose unacceptable restrictions on these coun- 
tries. Accordingly, as a matter of practical necessity the Commission 
recommends that medical exposure be considered separately and that 
it be kept as low as is consistent with the necessa uirements of 
modern medical practice. The joint study of [CRP-ICRU indicates 
that careful attention to the protection of the gonads would result in 
a considerable reduction of the genetic dose due to medical procedures 
without impairment of their value. In view of these considerations 
the Commission suggests a limit of 5 rems for the genetic dose from 
all man-made sources of radiation and activities, except medical 
procedures. 

(20) At the present time the contribution to the genetic dose from 
all man-made sources (other than medical procedures) issmall. With 
careful planning the rate of increase can be kept under control and the 
ultimate value of this contribution may never reach the 
limit of 5 rems. Since the genetic dose from medical exposure in most 
countries is much lower than 4.5 rems and since in those countries in 
which it is high, efforts are being made to reduce it, the total genetic 
dose from al] man-made sources actually received by the world popula- 
tion may be expected to be considerably less than 10 rems, perhaps 
even less than 6 rems in the foreseeable future. Furthermore, if a 
thermonuclear reaction can be utilized as a source of power, the prob- 
lem of radiation protection may be greatly simplified. 

(21) The Commission is aware that compliance with the new rec- 
ommendations may entail structural changes in some existing installa- 
tions and/or changes in operative procedures. Since in fact the new 
recommendations are more restrictive because of the greater emphasis 
put on the dose accumulated over a long period of time, it is not essen 
tial that such changes be made immediately, although it is obviously 
desirable. As a practical guide it is suggested that the transition 
period during which the necessary changes would be made, should not 
exceed five years. 

(22) The Commission wishes to point out again that the setting 
up of maximum permissible limits of occupational and nonoccupa- 
tional exposure ( eee the latter) requires quantitative informa- 
tion not yet available about the risks and benefits of an expanded 
use of “atomic energy.” For this reason the Commission will be glad 
to receive factual data and suggestions from those concerned with the 
production or utilization of ionizing radiation, so that as much per- 
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tinent information as possible may be available to it in its future 
deliberations. 
B. BASIC CONCEPTS 


OBJECTIVES OF RADIATION PROTECTION 


(23) Exposure to ionizing radiation can result in injuries that man- 
ifest themselves in the exposed individual and in his descendants: 
these are called somatic and genetic Sa respectively. 

(24) Late somatic injuries include leukemia and other malignant 
diseases, impaired fertility, cataracts and shortening of life. Genetic 
injuries manifest themselves in the offspring of irradiated individuals 
and may not be apparent for many ee ae Their detrimental 
effect can spread throughout a population by mating of exposed in- 
dividuals with other members of the population. 

(25) The objectives of radiation protection are to prevent or 
minimize somatic injuries and to minimize the deterioration of the 
genetic constitution of the population. 


CRITICAL ORGANS AND TISSUES 


(26) The organs and tissues of the body exhibit varying degrees 
of radiosensitivity, and it is therefore necessary, for purposes of pro- 
tection, to consider their radiosensitivity with respect to specific func- 
tions as well as the doses they receive. When this is done, some organs 
and tissues assume a greater importance, according to the circum- 
stances under which they are irradiated. They are then said to be 
critical. 

(27) In the case of more or less uniform irradiation of the whole 
body, the critical tissues are those tissues of the body that are most 
radiosensitive with respect to the ability of carrying out functions 
essential to the body as a whole. In this report these are taken to be 
the bloodforming organs, the gonads, and the lenses of the eyes. In 
previous reports the skin was listed as a critcal organ in the case of 
whole body exposure. The presentation of the recommendations in the 
present report is simplified by not designating the skin as a critical 
organ. 

(28) In the case of irradiation more or less limited to portions of the 
body, the critical tissue is that tissue most likely to be permanently 
damaged either because of its inherent radiosensitivity, or because of a 
combination of radiosensitivity and localized high dose. 


PERMISSIBLE DOSE 


(29) Any departure from the environmental conditions in which 
man has evolved may entail a risk of deleterious effects. It is there- 
fore assumed that long continued exposure to ionizing radiation addi- 
tional to that due to natural radiation involves some risk. However, 
man cannot entirely dispense with the use of ionizing radiaions, and 
therefore the problem in practice is to limit the radiation dose to that 
which involves a risk that is not unacceptable to the individual and 
tothe population at large. This is ca]led a “permissible dose.” 

(30) The permissible dose for an individual is that dose, accum- 
ulated over a long period of time or resulting from a single exposure, 
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which, in the light of present knowledge, carries a negligible probabil- 
ity of severe somatic or genetic injuries; furthermore, it is such a dose 
that any effects that ensue more frequently are limited to those of a 
minor nature that would not be considered unacceptable by the ex- 
posed individual and by competent medical authorities. 

(31) Any severe somatic injuries (e.g. leukemia) that might result 
from exposure of individuals to the permissible dose would be limited 
to an exceedingly small fraction of the exposed group; effects such as 
shortening of life span, which might be expected to occur more fre- 
quently, would be very slight and would likely be hidden by normal 
biological variations. The permissible doses can therefore be expected 
to produce effects that could be detectable only by statistical methods 
applied to large groups. 

t 32) The permissible dose to the gonads for the whole population 
is limited primarily by considerations with respect to genetic effects 
(see paragraphs 58-65). 


CATEGORIES OF EXPOSURE 


(33) These recommendations are designed to limit not only somatic 
but also genetic effects; it is therefore necessary to reduce as much as 
possible the dose to the population as a whole, as well as to the individ- 
ual. In general, doses resulting from all sources of ionizing radia- 
tion should be considered in the appraisal of possible biological 
damage. However practical considerations make it necessary to con- 
sider separately the doses resulting from two categories of exposure, 
namely : 

(a) Exposure to natural background radiation. 
(6) Exposure resulting from medical procedures. , 

(34) Natural background radiation varies considerably from local- 
ity to locality and the doses it contributes to the various organs are not 
well known. If maximum permissible limits recommended by the 
Commisison included background radiation, the allowable contribution 
from man-made sources—which are the only ones that can be con- 
trolled—would be uncertain and would have to be different for differ- 
ent localities. Accordingly, doses resulting from natural background 
radiation are excluded from all maximum permissible doses recom- 
mended in this report. 

(35) In medical procedures, exposure of the patient to primary 
radiation is generally limited to parts of the body, but the whole body 
is exposed to some extent to stray radiation. The contributions to the 
doses in various organs and the part played in the over-all effects on 
the individual are practically impossible to evaluate at the present 
time. The Commission recognizes especially the importance of the 
gonad doses resulting from medical exposure and the attendant genetic 
hazard to the population. Accordingly, it recommends that the 
medical profession exercise great care in the use of ionizing radiation 
in order that the gonad dose received by individuals before the end of 
their reproductive periods be kept at the minimum value consistent 
with medical requirements. However, individual doses resulting 
from medical exposure are excluded from all maximum permissible 
doses recommended in this report. 

(36) The recommendations cover the following categories of ex- 
posure. In principle both the exposure of individuals and averages 
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over the whole population have to be considered, but recommendations 
with regard to individual exposure are given only for the groups A 
and B. : 
A. Occupational exposure. 
B. Exposure of special groups: 
(a) Adults who work in the vicinity of controller areas (see 
paragraphs 71 and 72), but who are not themselves employed on 
work causing exposure to radiation. 
(b) Adults who enter controlled areas occasionally in the 
course of their duties, but are not regarded as radiation workers. 
(c) Members of the public living in the neighborhood of con- 
trolled areas. 
©. Exposure of the population at large. 
D, Medical exposure. 


Ocowpational exposure 


(37) Exposure of an individual who normally works in a controlled 
area constitutes occupational exposure. Maximum permissible doses 
are set for the individuals in the small portion of the population that 
can be occupationally exposed (paragraphs 46-52). The contribu- 
tion from this group to the genetic dose to the population as a whole 
is discussed in paragraph 65. ° 
Exposure of special groups 

(38) Persons who only occasionally enter a controlled area and 
ersons who work or reside in the vicinity of a controlled area may 
exposed to radiation originating in the controlled area. They 
constitute groups that may include children and pregnant women as 
well as individuals subject to other hazards, and may in total consti- 
tute a large fraction of the whole population. For these reasons the 
maximum permissible dose to these persons as individuals is set lower 
than for persons occupationally exposed (paragraphs 53-57). The 
contribution from these groups to the genetic dose to the whole 
population is discussed in paragraph 65. 


Exposure of the population at large 


(39) Members of the population at large may be exposed to radi- 
ation that cannot be related to any specific controlled area; e.g., ex- 
posure from environmental contamination and widely distributed 
radiation sources such as wristwatches, TV-sets and various applica- 
tions of radioactive materials to be expected as a result of future ex- 
pansion in the atomic energy field. As such exposure is not easily 
controlled, it will be impossible to ensure that a recommended max1- 
mum permissible individual dose is not exceeded in any single case. 
Where large numbers are involved, it will not be possible to examine 
the habits of every individual. A reasonable procedure would be to 
study a sample of the group involved and to set the environmental 
level so that no individual in the sample receives any excessive ex- 
posure. There will always remain the possibility that someone of 
grossly different habits from those in the observed sample may_re- 
celve a higher dose than the maximum in the sample. 

(40) In order to facilitate planning for the anticipated increased 
uses of nuclear energy and other sources of radiation, it is desirable 
at this time to recommend a maximum for the genetic dose to the 
population (paragraph 64) ; this maximum will determine what aver- 

54561 0—60——73 
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age gonad exposure could be allowed. Part of the recommended 
maximum genetic dose will have to be used for exposure of groups 
such as A and B and for medical exposure. The proper apportion- 
ment for exposure of the population at large must allow for both 
internal and external exposure (paragraph 65). 


Medical exposure 


(41) No recommendations are given with regard to the dose to the 
individual from medical exposure. (The contribution of medical 
exposure to the genetic dose is discussed in paragraphs 69-70.) 


REDUCTION IN MAXIMUM PERMISSIBLE DOSE 


(42) The new recommendations were introduced partly with the 
intention of limiting the genetically significant radiation exposure 
(see paragraph 63) of the population, and partly to limit the prob- 
ability of somatic injury by reducing the lifetime dose. This re- 
duction does not result from positive evidence of damage due to the 
use of the earlier permissible dose levels, but rather is based on the 
concept that biological recovery may be minimal as such low dose 
levels. 

TIME INTERVAL OVER WHICH DOSE IS TO BE ASSESSED 


(43) The maximum permissible weekly doses recommended by the 
Commission in 1950 have been replaced by limits for the doses re- 
ceived over longer periods of time (paragraphs 47-49). In the case 
of occupational exposure the maximum permissible dose that may 


be accumulated at a certain time depends on the age of the worker. 
The dose to individuals in the population at large, or in special groups 
other than occupational, may be accumulated at a rate that is de 
termined by a maximum permissible annual dose. The genetic dose 
to the whole population is assessed over the period between concep- 
tion of the individual and conception of each child of the individual. 
(See paragraph 63 for method of evaluation.) 

(44) These extended periods of time allow for some flexibility in 
the way in which radiation exposure may be received, and at. the same 
time provide what is considered to be adequate protection for each 
group of the population. 


C. MAXIMUM PERMISSIBLE DOSES 
GENERAL 


(45) It is emphasized that the maximum permissible doses recom- 
mended in this section are maximum values; the Commission recom- 
mends that all doses be kept as low as practicable, and that any un 
necessary exposure be avoided. 


EXPOSURE OF INDIVIDUALS 


Occupational exposure 
(46) In any organ or tissue, the total dose due to occupational ex- 


posure shall comprise the dose contributed by external sources during 
working hours and the dose contributed by internal sources taken into 
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the body during working hours. It shall not include any medical ex- 
posure or exposure to natural radiation. 


Exposure of the gonads, the blood-forming organs and the 
lenses of the eyes 
(47) The maximum permissible total dose accumulated in the 
gonads, the blood-forming organs and lenses of the eyes at any age 
over 18 years shall be governed by the relation 


D=5(N-18) 


where D is tissue dose in rems and JN is age in years. 

(48) For a person who is occupationally exposed at a constant rate 
from age 18 years, the formula implies a maximum weekly dose of 0.1 
rem. It is recommended that this value be used for purposes of plan- 
ning and design. 


Rate of dose accumulation 


(49) To the extent the formula permits, an occupationally exposed 
person may accumulate the maximum permissible dose at a rate not 
in excess of 3 rems during any period of 13 consecutive weeks (i.e. in 
no 13 consecutive weeks shall the dose exceed 3 rems). If necessary, 
the 3 rems may be received as a single dose, but as the scientific knowl- 
edge of the biological effects of differing dose rates is scant, single 
doses of the order of 3 rems sliould be avoided as far as practicable. 


A pplication to special cases 
(50) Setting permissible limits of exposure in terms of the dose 


accumulated up to a given are introduces certain practical complica- 


tions. Thus, some workers (previously exposed at levels within the 
then permissible limits) may hails already accumulated a dose in ex- 
cess of the maximum permitted by the formula. There are also spe- 
cial cases in which exceptions in the application of the formula may 
be desirable for practical reasons and are justifiable within the con- 
text of paragraph 42. The following recommendations are intended 
to provide guidance on administrative policy, which may well vary 
according to circumstances at the local level. (It should be noted that 
this Seen will obtain only during a relatively short transition 
period. 

(51a) Previous exposure history unknown.—When the previous 
occupational exposure history of an individual is not definitely known, 
it shall be assumed that he has already received the full quota per- 
mitted by the formula. 

(51b) Persons exposed in accordance with the former maximum 
permissible weekly dose——Persons who were —— in accordance 
with the former maximum permissible weekly dose of 0.3 rem and 
who have accumulated a dose higher than that permitted by the 
formula, should not be exposed at a rate higher than 5 rems in any 
one year, until the accumulated dose at a subsequent time is lower 
than that eee by the formula. 

(51c) Persons starting work at an age of less than 18 years.—When 
& person begins to be occupationally exposed at an age of less than 
18 years, the dose shall not exceed 5 rems in any one year under a 
18, and the dose accumulated to age 30 shall not. exceed 60 rems. (The 
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minimum age at which occupational exposure is legally permitted ig 
lower than 18 years in some countries. ) 

(51d) Accidental high exposure—An accidental high exposure 
that occurs only once in a lifetime and contributes no more than 25 
rems shall be added to the occupational dose accumulated up to the 
time of the accident. If the sum then exceeds the maximum value 
permitted by the formula, the excess need not be included in future 
calculations of the person’s accumulated dose. Accidental exposure 
to doses higher than 25 rems must be regarded as being potentially 
serious, and shall be referred to competent medical authorities for 
appropriate remedial action and recommendations on subsequent oc- 
cupational exposure. This is intended as an administrative guide to 
permit the continuation of work with radiation, following a bona fide 
accident (“once in a lifetime”), in cases in which interruption of such 
work, or curtailment of exposure, would handicap the individual in 
the pursuit of his career. 

(5le) Emergency exposure—Emergency work involving exposure 
above permissible limits shall be planned on the basis that the in- 
dividual will not receive a dose in excess of 12 rems. This shall be 
added to the occupational dose accumulated up to the time of the 
emergency exposure. If the sum then exceeds the maximum value 
permitted by the formula, the excess shall be made up by lowering the 
subsequent exposure rate so that. within a period not exceeding 5 years, 
the accumulated dose will conform with the limit set. by the formula. 


Women of reproductive age shall not be subjected to such emergency 
exposure. 


Exposure of single organs other than the gonads, the blood- 
forming organs and the lenses of the eyes 

(52) For exposure that is essentially restricted to portions or single 
organs of the body, with the exception of the gonads, the blood-form- 
ing organs and the lenses of the eyes, a higher dose than the one de- 
rived from the formula D=5 (V-—18) is permitted. The following 
recommendations are made. 

(52a) A maximum dose of 8 rems/13 weeks for the skin32—The 
earlier recommended weekly maximum doses for exposure of the skin, 
namely 0.6 rem in connection with a whole body exposure and 1.5 
rems for exposure with radiation of very low penetrating power, 
have been replaced by the recommendation that the dose in the skin, 
accumulated over any 13 consecutive weeks, shall not exceed 8 rems. 
This recommendation now applies to all exposure of the skin, except 
the skin of the hands and forearms, feet and ankles. As the 8 rems 
are derived from an average of 0.6 rem/week, the annual dose for 
a 50 week year is limited to 30 rems. 

(52b) . maximum dose of 20 rems/13 weeks for the hands and 
forearms, feet and ankles.—The earlier recommended weekly maxi- 
mum of 1.5 rems for exposure of hands and forearms, feet and ankles 
has been replaced by the recommendation that the dose accumulated 
over any 13 consecutive weeks shall not exceed 20 rems. This recom- 
mendation applies to all tissues of the above-mentioned extremities. 
As the 20 rems are derived from an average of 1.5 rems/week, the 
annual dose for a 50 week year is limited to 75 rems. 


8 This also applies to the thyroid, see report of committee IT. 
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(52c) A maximum dose of 4 rems/13 weeks for limited exposure of 
internal organs other than the thyroid, the gonads and the blood-form- 
ing organs.—In the case of internal organs, limited exposure originates 
almost exclusively from radioisotopes within the y. As most 
planning of release of radioactive isotopes to the air and water sup- 
plies in controlled areas is made under conditions where occupational 
groups rather than single individuals are exposed, a formula corres- 
ponding to the one given in paragraph 47 cannot in ae be applied 
to internal exposure. An average of 0.3 rem/week in the organ of 
interest (with some exceptions noted in the report of Committee IT) is 
expected to be maintained under equilibrium conditions if the concen- 
tration in air or water of the relevant istotope is kept at levels given 
in the tables in the report of Committee II. Variations of the dose 
rate will occur in practice, and are permissible, provided that the dose 
accumulated over any 13 consecutive weeks does not exceed 4 rems. 
As this maximum is derived from a weekly average of 0.3 rem, the 
annual dose for a 50 week year is limited to 15 rems. 

(52d) Whole body exposure from uptake of several radioisotopes.— 
When the radioactive isotopes in a mixture are taken up by several 
organs and the resultant tissue doses in such organs are of comparable 
magnitude, the combined exposure is considered to constitute es- 
sentially whole body exposure. Accordingly, the permissible levels of 
exposure will be those applicable to the gonads, the blood-forming 
organs and the lenses of the eyes. 


Exposure of special groups 
(53) The total maximum permissible individual dose shall consist 
of the sum of the doses contributed by both external and internal 


sources. It shall not include any medical exposure or exposure to nat- 
ural radiation. 


Total annual dose to the gonads, the blood-forming organs and 
the lenses of the eyes 

(54) For any individual in the groups B(a) and B(b) (see para- 
graph 36), the total annual dose, including contributions from exter- 
nal and internal sources, to the gonads, the blood-forming organs and 
the lenses of the eyes, due to operations within the controlled area 
shall not exceed 1.5 rems, nor shall the contribution from a mixture 
of isotopes whose combined exposure constitutes essentially whole body 
exposure, make the total annual dose exceed 1.5 rems. There is an 
exception in the case of the skin and the thyroid where an annual 
maximum of 3 rems is allowed. 

(55) The group B(c) differs from the groups B(a) and B(b) in 
that it contains children for whom it is considered that a lower figure, 
namely 0.5 rem/year (in the gonads, the blood-forming organs and 
the lenses of the eyes), should apply. Accordingly the presence of 
children in the group B(c) will require the use.of a value of 0.5 
rem/year for this group for purposes of planning and design. 

Internal exposure of single organs 

(56) The individual maximum permissible annual dose will not be 
exceeded from internal exposure of any single organ, if the release of 
radioactive material is planned on the basis of 4» of the maximum 
permissible concentration (MPC) in air or water as given for con- 
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tinuous occupational exposure (“168-hour week”) in the tables in 
the report of Committee II. 


Whole body exposure from uptake of several radioisotopes ap- 
plicable to group B(c) 

(57) When the radioactive isotopes in a mixture are taken up by 
several organs in such a way that the combined exposure constitutes 
essentially whole body exposure, a reduction of the maximum per- 
missible concentrations based on the exposure of single organs (see 
report of Committee II) becomes necessary. The reduction should 
take into account the number and importance of the organs in ques- 
tion and the contribution to whole body exposure made by radioactive 
material in the circulating blood and in organs other than those in 
which it is assumed to concentrate. In this case the total body is con- 
sidered to be the critical organ and the MPC values for the individual 
radioisotopes are reduced so that the MPC for the mixture cor- 
responds to an average annual dose of 0.5 rem to the total body. For 
such mixtures of radioisotopes this is equivalent to a reduction in the 
MPC values of the individual radioistopes in the mixture by a faetor 
of 14 or less in addition to the factor of %o rchoaimoeaen in para- 
graph 56. 

EXPOSURE OF POPULATION 


General 


(58) Proper planning for nuclear power programs and other peace- 
ful uses of atomic energy on a large scale requires a limitation of the 
exposure of whole populations, partly by limiting the individual doses 
and partly by limiting the number of persons exposed. 


(59) This limitation necessarily involves a compromise between 
deleterious effects and social benefits. Consideration of genetic effects 
plays a major role in its evaluation. The problem has been discussed 
extensively in recent years and suggestions have been made by dif- 
ferent national bodies. The Commission is aware of the fact that a 
proper balance between risks and benefits cannot yet be made, since 
it requires a more quantitative appraisal of the probable biological 
damage and the probable benefits than is presently possible. Further- 
more, it must be realized that the factors influencing the balancing of 
risks and benefits will vary from country to country and that the 
final decision rests with each country. 

(60) Because of the urgent need for guidance in this regard, the 
Commission in the following sections suggests an interim ceiling for 
the exposure of the whole population. The proposed level is essen- 
tially in accordance with suggestions by other scientific proups at 
have studied the problem and tried to evaluate the possible biological 
effects. It is felt that this level provides reasonable latitude for the 
expansion of atomic energy programs in the foreseeable future. It 
should be emphasized that the Himit may not in fact represent the 
proper balance between possible harm and probable benefit, for rea- 
sons already mentioned. 

(61) On the assumption that the genetic effects are linearly re 
lated to the gonad dose and provided that no threshold dose exists, 
it is possible to define a population dose average that is relevant to 
the assessment of genetic injury to the whole population (paragraphs 
62-63). In the case of somatic effects no such dose can easily 
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defined although the annual per capita dose to certain tissues or to the 
whole body may be relevant on the assumption of a non-threshold, 
linear dose-effect relation. 


Genetic dose 
Assessment of genetic dose 


(62) The genetic dose to a population is the dose which, if it were 
received by each person from conception to the mean age of child- 
bearing, would result in the same genetic burden to the whole popula- 
tion as do the actual doses received by the individuals. A permissible 
genetic dose is that dose, which if it were received by each person from 
conception to the mean age of childbearing, would result in an accept- 
able burden to the whole population. 

(63) The genetic dose to a population can be assessed as the annual 
genetically significant dose multiplied by the mean age of childbear- 
ing, which for the purpose of these recommendations is taken to be 
30 years. The annual genetically significant dose to a population is 
the average of the individual gonad doses, each weighted for the ex- 
pected number of children conceived subsequent to the exposure. 


Maximum permissible genetic dose 


(64) It is suggested that the genetic dose (see paragraph 63) to 
the whole population from all sources additional to the natural back- 
ground should not exceed 5 rems plus the lowest practicable con- 
tribution from medical exposure. The background is excluded from 
the suggested value because it varies caimaaie from country to 
country. The contribution from medical exposure is considered 
separately for the same reason and also because the subject is being 
studied for the purpose of limiting such exposure to the minimum 
value consistent with medical requirements. 


Apportionment of genetic dose 


(65) The suggested maximum genetic dose of 5 rems in addition 
to the dose from medical procedures and natural background must 
not be used up by one single type of exposure. The proper apportion- 
ment of the total will depend upon circumstances which may vary 
from country to country, and the decision should therefore be made by 
national authorities. 

ADDENDUM TO PARAGRAPH 65 


(a) Illustrative apportionment.—The Commission does not wish to make any 
firm recommendations as to the apportionment of the genetic dose of 5 rems but, 
for guidance, gives the following apportionment as an illustration. 

(A) Occupational exposure_.._._._.._-___-____- “i eeaataeniearnnocanal 
(B) Exposure of special groups 
(C) Exposure of the population at large 


(6) Fractions of population.— Assuming that the ratio of the total population to 
the reproductive population is the same in all groups, the largest fraction (e) of 


the whole population that can be exposed to an average annual dose D} is given by 
the equation: : ; 

«. 30. Di=D}, 
where D3, is the apportionment of the genetic dose to the ith exposure group, and 
the average annual dose within the group can be expressed as a fraction of the 
maximum permissible individual annual dose; i.e. Di=F Di. 
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(c) Occupational exposure.—Assigning 1.0 rem to occupational exposure would 
mean that 1.7 per cent of the whole population could accumulate the maximum 
permissible occupational gonad dose of 60 rems by age 30. It is very unlikely 
that such a figure will be approached in the foreseeable future. At the present 
time, the number of persons occupationally exposed in technologically developed 
countries is about 0.1—0.2 per cent of the population, and most of these persons 
receive doses which are considerably less than the maximum permissible doses, 

(d) Exposure of special groups.—Since the contribution from the special 
groups is largely due to group B(c) an apportionment of 0.5 rem for the special 
groups would imply that about 3 per cent could be exposed to the maximum 
permissible individual annual gonad doses for these groups. The allowable size 
of these groups varies inversely with the average dose within the groups. Thus, 
if this dose were only 10 per cent of the maximum individual doses, the groups 
could amount to 30 per cent of the whole population, which is very much larger 
than is likely to occur. 

(e) Eaposure of the population at large-—The apportionment of 2.0 rems 
(with a long-term reserve of 1.5 rems for possible eventualities) for the genetic 
exposure of the population at large is intended for planning purposes in the 
development of nuclear energy programs (with the associated waste disposal 
problems) and more extensive uses of radiation sources. In the case of internal 
exposure, the radioisotopes of interest are those that contribute to the gonad 
dose directly (by local concentration) or indirectly (by radiation produced else- 
where in the body). In either case the maximum permissible concentrations in 
air and water of these isotopes recommended by Committee II for continuous 
occupational exposure (“168-hour week”) are based on an average yearly dose 
of 5 rems in the gonads or the whole body. If for these isotopes the average 
eoncentrations in public air and water supplies are lower than the values recom- 
mended for continuous occupational exposure by a factor of 1/100, the genetic 
dose to the population would amount to 1.5 rems (5 X 1/100 rems/year in the 
gonads X 30 years = 1.5 rems). In this case the contribution from external 
sources should be limited to 0.5 rem in order not to exceed the total of 2 rems. 


Somatic dose 


(66) No specific recommendations are made at this time as to the 
maximum permissible “somatically” relevant dose to the population. 
However, it is expected that the maximum permissible limits of the 
individual total doses recommended in paragraphs 46-57 will keep 
the average dose in any tissue at such a level that the injuries that 
could possibly occur in a population would be well within acceptable 
limits. (See paragraph 31.) 

(67) In the case of external exposure of the whole body to pene 
trating radiation the restriction imposed by the genetic dose to the 
population automatically reduces the doses to internal organs below 
the individual maximum permissible annual doses recommended in 
paragraphs 46-57. Thus the probability of somatic injury in these 
organs is considerably lower than indicated in paragraph 66. The 
same thing applies to internal exposure resulting from radioisotopes 
that directly or indirectly contribute to the gonad dose of a population. 
(See addendum to paragraph 65.) 

(68) There remain for further consideration those isotopes that 
concentrate in specific organs (other than the gonads). In view of 
the existing uncertainty as to the dose-effect relationships for somatic 
effects, it is suggested that for planning purposes the average con- 
centrations of such isotopes, or mixtures thereof, in air or water, 
applicable to the population at large, should not exceed one-thirtieth 
of the MPC values for continuous occupational exposure given in the 
report of Committee IT. 
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Medical exposure 


(69) Estimates of the current annual genetically significant dose 
from medical procedures in various countries were surveyed in a re- 
port of a joint study group of the ICRP and ICRU to the United 
Nations Scientific Committee on the Effects of Atomic Radiation. 
The United Nations Scientific Committee gives the following sum- 
mary statement in its 1958 report to the General Assembly : 

The contribution made by medical procedures to the radiation exposure of 
populations has only lately been estimated and has increased very rapidly in 
some countries in recent years, so that it is difficult to evaluate such genetic and 
somatic effects as are associated with an increasing employment of radiological 
procedures in medicine. No information is yet available for prediction of the 
future trend of medical exposures. It is expected that improvements in equip- 
ment and techniques may considerably reduce individual exposures, but the ever- 
expanding use of X-rays may well increase the world population dose. Pre- 
cautions of the type described by the International Commissions on Radiological 
Protection and on Radiological Units and Measurements should make possible 
such reduction of exposure to radiation as is without detriment to the medical 
value of these procedures. 

(70) Reported values of the annual genetically significant dose in 
various countries range up to about. 150 mrems, corresponding to a 
genetic dose of 4.5 rems (from conception to age 30 years, averaged 
over the whole population). Even with the highest values reported 
(corresponding to the genetic dose of 4.5 rems), the total genetic dose 
from all types of exposure would not exceed 10 rems if the apportion- 
ment for the contributions from other exposure sources than medical 
isnot exceeded. There are indications that the highest levels of medi- 
cal exposure reported could be reduced significantly by careful atten- 
tion to techniques. On the other hand, the use of X-rays may in- 
crease, although probably to a lesser degree in the countries which now 
report the most extensive use. A certain allowance for medical ex- 
posure of populations must be made and may be made in the near 
future as the subject is being studied for the purpose of limiting such 
exposure to the minimum value consistent with medical requirements. 


D. GENERAL PRINCIPLES REGARDING WORKING CONDITIONS 


RESPONSIBILITY 


The owner or the person in charge of a controlled area shall be re- 
sponsible for the working conditions and for the instruction of 
all persons working in the area regarding radiation hazards and 
methods of control. He shall be Speke for maintaining radia- 
tion levels outside the controlled area resulting from operations 
within the area so that exposures do not exceed the maximum per- 
missible doses recommended in paragraphs 53-57. 

(71) A controlled area shall . established where persons occupa- 


tionally exposed could receive doses in excess of 1.5 rems/year. 

(72) A controlled area is an area in which the exposure of per- 
sonnel to radiation or radioactive material is under the supervision 
of a radiation protection officer. 
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(73) A radiation protection officer is one who has the knowledge 
and responsibility to apply appropriate radiation protection regula- 
tions. He may be the owner or the person in charge of the controlled 
area or he may be a technically competent. person appointed by the 
above. 

(74) A qualified expert (or health physicist) is a person having the 
knowledge and training needed to measure ionizing radiations and 
to advise regarding radiation protection. The qualification should 
be of the type specified by a National Committee. 


RADIATION SURVEYS AND MONITORING 


Surveys prior to use of controlled areas 


(76) In those instances where the operations in a controlled area 
may disturb or alter significantly the environment with respect to 
radiation hazards, adequate surveys should be made of the radioac- 
tivity of the air, soil, and water prior to the start of operations. This 
will provide a base line from which to judge the adequacy of radia- 
tion controls within the area. 

(77) During and after installation, appropriate radiation surveys 
shall be made to ensure that the pertinent recommendations will 
complied with when routine operations commence. Routine opera- 
tions shall be deferred until such compliance is assured. 

(78) When additional operations are planned in the area, a 
thorough survey should be made of the background radiation prior 
to the start of the new operations. This will aid in the identification 
of the operation responsible for any increase of the background radia- 
tion or the contamination in the area. 

Routine surveys and monitoring 

(79) Radiation surveys shall be made regularly, at a frequency 
dictated by the operations within the area, to determine the adequacy 
of safety procedures. This should include checks of the facilities, 
equipment (radiation warning devices, radiation shields, hoods, respi- 
rators, ventilating system etc.), and working techniques. When there 
is any reasonable probability of a radiation Sexe existing, the vicin- 
ity of the controlled area should also be surveyed. 


Specal surveys 
(80) Specific and detailed recommendations regarding radiation 


surveys applicable to some special cases will be given in the Reports 
of the Committees of ICRP. 


HEALTH SURVEILLANCE 


Pre-employment examination 


(81) All new personnel in radiation work shall have a pre-employ- 
ment medical examination. Notes should be made of the family his- 
tory, of the previous occupational history, and of previous X-ra 
diagnostic examination or radiation therapy. The examination sha 
include a complete blood count, with determination of erythrocyte 
and leukocyte levels and a differential white cell count. It should be 
recognized that the examination is directed toward determining the 
“normal” condition of the worker at the time of employment, and 


—_ x = TH 


sor nm OWL Os S Slt 





RADIATION PROTECTION CRITERIA AND STANDARDS 1145 


toward noting any abnormalities that might later be confused with 
radiation*damage. 

(82).In cases where there has*been previous occupational exposure, 
the total accumulated dose shall be recorded (see paragraphs 47-51) 
and any appropriate additional medical examinations performed. 
These should include opthalmological examinations, with particular 
reference to changes in the lens in cases of exposure to neutrons and to 
heavy particles, and examinations of skin and nails in the case of 
partial external irradiations and external contaminations. 


Routine medical examinations 


(83) Medical examinations should be performed at a frequency de- 
pending upon the conditions of the occupational exposure. Blood 
counts, although they are a part of a medical examination, are not to 
be considered as a method of radiation monitoring. 

(84) Persons occupationally exposed to neutrons and to heavy par- 
ticles of significant penetration should have ophthalmological exami- 
nations, with particular reference to changes in the lens. The fre- 
quency of the examination will depend upon the conditions of exposure. 


PERSONNEL MONITORING 
External radiation 


(85) Doses received as a result of occupational exposures shall be 
systematically checked with appropriate instruments to ensure that the 
maximum permissible doses are not exceeded and to make it possible to 
keep individual cumulative dose records, 


Internal radiation 


(86) Tests should be performed to estimate the total body burden 
for workers who deal with unsealed radioactive isotopes that may give 
rise to levels of ingestion or inhalation in excess of the maximum per- 
missible concentrations. Such tests should also be performed where 
radioisotopes may enter the body through the skin or through skin 
punctures and open wounds. These tests may require the monitoring 
of breath and excreta, and the direct determination of the body bur- 
den by means of a total body monitor, according to circumstances, 
The radiation doses delivered to the appropriate organs or tissues 
should be calculated and noted on the personal record, and the permit- 
ted doses of external radiation should be adjusted to allow for the 
“internal” doses. 

RADIATION WARNING DEVICES 


(87) An appropriate form of warning shall be provided to indicate 
the existence of a radiation hazard, even if the hazard is of a tem- 
porary nature only. In the latter case the warning device should be 

aZ 


removed when the hazard no longer exists. 





[Reprinted from Radiology, vol. 74, No. 1, pp. 115-119, January 1960] 
EDITORIAL—REPORTS RECEIVED AT THE NINTH 
INTERNATIONAL CONGRESS OF RADIOLOGY 


At. the Ninth International Congress of Radiology, Held in Munich, 
July 23 to 30,1959, Reports of the Commissions on Radiologic Units, 
Radiological Protection, and State Grouping Were Presented as 
Follows: 

* * * * * * * 


Report ON Decisions AT THE 1959 MEETING OF THE INTERNATIONAL 
ComMMiIssion ON RaproLocicaL Prorectton (ICRP) 


The period since the Commission’s last regular meeting in 1956 has 
been the most active in history. Because of rapid developments in 
the field of nuclear energy and the more widespread use of radiation 
sources of all types, the scope of the work has increased beyond the 
field of medical radiology into all fields of radiation protection, in- 
cluding industrial uses as well as the exposure of the general public. 

In 1955 the United Nations established a Scientific Committee on 
the Effects of Atomic Radiation to collect and evaluate mformation 
on radiation exposure and radiation effects. In addition, bodies such 
as the World Health Organization, the International Labour Office, 
the Food and Agriculture Organization, and the International Atomic 
Energy Agency are actively interested in radiation protection prob- 
lems and look to the International Commission on Radiological Pro- 
tection for guidance, Although the primary responsibility of. the 
Commission has been to the radiological profession, it has had to widen 
its scope and has accordingly been active not only during the last two 
international Congresses of Radiology but also in the intervening 
period. 

Amendments to the 1953 (1) Recommendations were reported to 
the Mexico Congress and published in 1957 (2). Revised Recom- 
mendations of the Main Commission were adopted in 1958 and printed 
early in 1959 (3). Reports of the various Committees exist at present 
in various stages of preparation. The Report of Committee II on 
internal radioactive substances is already in press (4). A_ revised 
version of the Committee IIT Report, which is essentially a code of 
practice for the radiological profession, was approved during the 
1959 meeting and will be published in the near future (5). The Report 
of Committee IV on high energy and heavy particle radiation is under- 
going a final revision. Committee V has prepared a report on. the 
disposal of radioactive waste from hospitals and laboratories and 1s 
proceeding as rapidly as possible to prepare a further report on the 
disposal of waste from atomic energy establishments. 
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The Commission has an official relationship with the World Health 
Organization and the International Atomic Energy Agency. There 
has been close cooperation with the United Nations Scientific Com- 
mittee on the Effects of Atomic Radiation, and the Commission, jointly 
with the International Commission on Radiological Units and Meas- 
urements, has on two occasions accepted its invitation to perform 
special studies. The results of the first study on the evaluation of 
gonad dose from medical procedures were published in 1957 (6). The 
second study, on the evaluation of exposure relevant to somatic dam- 
age, has been initiated, and a report is to be prepared before the end 
of 1960. 

The Commission also co-operates with the International Labour Of- 
fice and the Food and Agriculture Organization and has invited them 
to send observers to future meetings. ‘The Commission has been in- 
vited to send observers to appropriate meetings of the International 
Organization for Standardization and the United Nations Educa- 
tional, Scientific, and Cultural Organization. 

During the 1959 meeting, the Commission discussed its basic Recom- 
mendations (3) and, although no substantial changes were made, a 
number of explanatory statements were drafted. These statements, 
which will be presented in the following text, include such subjects 
as the irradiation of pregnant women, the maximum doses to individ- 
uals in the population at large, the interpretation to be placed on the 
paragraph dealing with the contamination of public air and water 
supplies, and the hours of work and vacation of radiation workers. 

A grant from the Rockefeller Foundation made it possible for the 
Commission to invite a number of nonmember experts on dose-effect 
relations to particpate in the Munich discussions and be available for 
consultation. 

During the preparation of this statement the ICRP has had the fol- 
lowing composition. 

1956-59 (including the Munich sessions) : 
R. M. Sievert, Chairman (Sweden). 
G. Failla, Vice-Chairman (United States). 
W. Binks, Secretary * (Great Britain). 
L, Bugnard (France). 
H. Holthusen (Germany 
J.C. Jacobsen Denivaek 
R. G. Jaeger (Germany). 
W. V. Mayneord (Great Britain). 
K. Z. Morgan (United States). 
R.S. Stone (United States). 
LS. Taylor (United States). 
FE. A. Watkinson (Canada). 
Sir Ernest Rock Carling, Chairman Emeritus (Great Britain). 


). 
). 


,' Mr. Binks resigned as Secretary in 1957, for health reasons. After his resignation 
BE. E. Smith (Great Britain) served as Acting Secretary, and since Aug. 1, 1957, B. Lindell 
(Sweden) has served as Temporary Secretary. 
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1959— (Present composition) 
R. M. Sievert, Chairman (Sweden) 
E. E. Pochin, Vice-Chairman (Great Britain) 
W. Binks (Great Britain) 
L. Bugnard (France) 
H. Holthusen (Germany ) 
J.C. Jacobsen (Denmark) 
R. G. Jaeger (Germany) 
J. F. Loutit (Great Britain) 
K. Z. Morgan ( United States) 
H. J. Muller (United States) 
R. 8S. Stone (United States) 
L. S. Taylor (United States) 
E. A. Watkinson (Canada) 
Sir Ernest Rock Carling, Chairman Emeritus (Great Britain) 
G. Failla, Vice-Chairman Emeritus (United States) 
B. Lindell, Secretary (Sweden) 


EXPLANATORY STATEMENTS AND AMENDMENTS TO THE 1958 
RECOM MENDATIONS 


In the 1958 (3) Recommendations all maximum permissible doses 
are expressed in rems without reference to the appropriate RBE 
values. Such reference will be given in the reports of the Committees 
concerning the application of the recommendations in various specified 
fields. The RBE values used in each of the Committee reports to be 
published are consistent with those published in 1954 (1). 

The following statements refer to particular paragraphs in the 1958 
Recommendations: 

Explanatory statement of Paragraph 46 (see also Paragraphs 35 
and 41): It has been recommended that “medical exposure” be ex- 
cluded from the calculation of the maximum permissible dose of those 
occupationally exposed. The Commission wishes to emphasize that 
“medical exposure” refers to the exposure of patients that is necessary 
for medical purposes and not to the exposure of the personnel conduct- 
ing such procedure. 

Interpretation of Paragraph 49 (see also Paragraphs 10, 14, and 
52): A calendar 13 week period may be used instead of a period of 
13 consecutive weeks 7f there is no reason to suppose that doses are 
being accumulated at grossly irregular rates. 

Addition to Paragraph 49: The following words should be added 
at the end of the paragraph : “especially in the case of women of repro- 
ductive age.” 

New paragraph to be added after Paragraph 51(e) : 

51(f) where work involves exposure to f-rays of Emax>2.5 Mev, eye shields 
or other suitable shielding may be necessary to keep the dose in the lens within 
permissible limits. In the case of exposure to 8-rays of lower energy, if the pro- 
vision of such shielding is impracticable, the small additional B-ray dose in the 


lens over the dose already permitted for more penetrating radiations, such as 


y-rays or neutrons, is permissible, provided the dose in the skin is limited to the 
level recommended in Paragraph 52(a). 
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et re regarding the application of Paragraphs 
51 (e) to cases of internal exposure: With reference to 


49, §1 (d), @ 
Paragraph 49: 


52 (e) One or more short term exposures to radioactive materials (together 
with any exposure to external radiation) within a period of thirteen consecutive 
weeks is considered acceptable if the total intake of radioactive material during 
this period does not exceed the amount that would result from intake for thirteen 
weeks at the maximum levels for occupational exposure to such radioactive 
materials permitted by the 1959 Report of Committee II. The dose to the critical 
organ during the following fifty years resulting from such an intake will not 
exceed the quarterly limit on dose stated in the 1958 Recommendations of ICRP. 
These limits are (1) for the whole body and the gonads, 3 rems; (2) for the 
skin, thyroid and bone,’ 8 rems; (3) for other organs, 4 rems. 


With reference to Paragraph 51 (d) : 


52 (f) In the case of an accidental high exposure to radioactive materials 
where the total intake of radioactive material exceeds the amount that would 
result from intake for one year at the maximum levels for occupational ex- 
posure to such radioactive materials permitted by the 1959 Report of Committee 
II, an estimate of the intake resulting from the exposure shall be entered on the 
individual’s record and he shall be referred to competent medical authorities 
for appropriate action. 


With reference to Paragraph 51 (e) : 


52 (g) Emergency work involving exposure above permissible limits to radio- 
active materials shall be planned on the basis that the total intake of radioactive 
material during the emergency period should not exceed the amount that would 
result from intake for one year at the maximum levels for occupational exposure 
to such radioactive materials permitted by the 1959 Report of Committee II. 
The dose to the critical organ during the following fifty years resulting from 
such an intake will not exceed the maximum yearly limit on dose stated in the 
1958 Recommendations of ICRP. These limits are: (1) for the whole body and 
the gonads, 12 rems; (2) for the skin, thyroid, and bone,’ 30 rems; (3) for 
other organs, 15 rems. 


When such an exposure has occurred, an estimate of the intake shall be en- 
tered in the individual’s record and measures shall be taken to prevent further 
exposure during the period of time it would take to accumulate this intake at 
the constant level of occupational exposure permitted by the 1959 Report of 
Committee II for such materials. 


Explanatory statement of Paragraphs 53 to 57 (see also Paragraphs 
15, 16, 38, and 39) : The size of a “group” or a “population” is a rela- 
tive concept and it is often difficult to decide whether a group should 
be considered “large” and whether relatively small national popula- 
tions should be referred to as the “whole” population with respect to 
exposures of which the importance depends on the size of the group 
exposed. The size of a group is irrelevant in the case of individual 
et where groups are defined only to distinguish between indi- 
viduals for whom the recommended maximum permissible doses are 
different for various reasons or for whom the membership of a certain 
group provides for more specific recommendations with regard to 
individual monitoring, medical examinations, and surveys of the pro- 
tection conditions. : the case of, e.g., average exposure, however, 
the “whole” population is involved and the responsibility for the in- 
terpretation of this concept will rest with national and international 
administrative authorities responsible for the legal application of pro- 
tection requirements. 


? Based on body burden of 0.1 microcurie of Ra** (see Report of Committee II). 
* Based on body burden of 0.1 microcurie of Ra™* (see Report of Committee IT). 
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Additional section regarding exposure of individual members of the 
population at large (to follow after Paragraph 57): A new section, 
under the heading Haposure of the Population at Large should be 
added after the section headed Exposure of Special Groups (Para- 
graphs 53-57). The text to be added, referring to both external and 
internal exposure, reads: 


The maximum total dose limit for individuals in the population at large 
(excluding those occupationally exposed and the special groups B(a) and B(b)) 
should be that recommended for members of the special group B(c) (cf. Para- 
graph 55). 


Correction to Paragraph 65: The figure “1.7” in paragraph 65 
Addendum (c) isa misprint for “0.7.” 

Interpretation of Paragraph 68: The basis for the limits of permis- 
sible exposure of populations to manmade sources of ionizing radia- 
tions is the dose received by the various organs of the body and not 
the MPC-values, or other criteria by which the dose is controlled. 
Nevertheless, for planning purposes some guidance as given in Para- 
graph 68 must be available. The word “average” in Paragraph 68 
refers to the concentration of radioactive nuclides, averaged over a 
year, in the total intake to the average person of the population. 


STATEMENTS ON ITEMS NOT INCLUDED IN THE 1958 RECOMMENDATIONS 





Occupational exposure of pregnant women: With regard to occu- 
pational exposure of pregnant women the Commission notes that 

1. It is especially in respect of somatic damage in foetal tissues that 
pregnant women present a “special risk problem” in case of occupa- 
tional exposure. 

2. Any special recommendations for pregnant women must in prac- 
tice apply to all women of reproductive age. 

Occupational working hours and length of vacation: The Commis- 
sion considers that. with the present maximum permissible exposure 
levels no special treatment of radiation workers with respect to work- 
ing hours and length of vacation is required. 

Emergency exposure of environmental populations: This subject 
was discussed extensively during the Munich meetings and the Com- 
mission considers that the British Report (7) recommending criteria 
for acceptable levels under emergency conditions of I, Sr®, Sr® 
and Cs‘ ingested in food or milk constitutes a useful and sound 
approach to the subject. 
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[Excerpt] 


THE INTERPRETATION OF THRESHOLD LIMITS FOR 
INHALATION OF CHEMICAL SUBSTANCES, EXCLUD.- 
ING MINERAL DUSTS, WITH RECOMMENDATIONS FOR 
IMPROVEMENT 


(By Henry F. Smyth, Jr., Mellon Institute, Pittsburgh, Pa., Union 
Carbide & Carbon Corp.) 


[Presented as part of the Donald E. Cummings Memorial Lecture at Phila- 
delphia, Pa., April 25, 1956, before the American Industrial Hygiene Asso- 
ciation] 

For the purposes of this article, threshold limits are the widely used 
values published annually by the Committee on Threshold Limits of 
the American Conference of Governmental Industrial Hygienists. 
The definition is given by the committee (ACGIH 1955) as “the 
maximum average atmospheric concentration of contaminants to 
which workers may be exposed for an 8-hour day without injury to 
health.” 

The article is confined to consideration of the threshold limits for 
gases, vapors, and toxic dusts, the concentrations of which are ex- 
pressed in parts per million by volume (p.p.m.), or in milligrams per 
cubic meter of air (mg./cu.m.). The mineral dusts, whose concen- 
trations are usual expressed in terms of millions of particles per cubic 
foot of air, are not considered here at all. 

During what may be called the age of chaos, every experienced in- 
dustrial hygienist had a few values uniquely his own, drawn from his 
own experience, and for less familiar substances he drew more or less 
judiciously from the values cherished by his professional colleagues. 
Some degree of unanimity was brought about when the U.S. Public 
Health Service values, based on its long-time collective experience in 
industrial hygiene, were published in a manual (USPHS 1948). 
Further unanimity followed publication of the values collected and 
extended by Cook (1945). In 1947 the American Conference of Gov- 
ernmental Industrial Hygienists published its first list in the Indus- 
trial Hygiene Newsletter (ACGIH 1947). In the next two years 
(ACGIH 1948, ACGIH 1949) revised lists were privately circulated 
to the members of the Association. Then (ACGIH 1950) publication 
took place in a scientific journal, and each year thereafter a revi 
list of threshold limit values has appeared in the scientific literature, 
and has been generally accepted. : 

The centeiindians of Cook (1945) in unifying opinion, and m 


weighing threshold limit values then in use, judging new data and pro- 
po a list of 129 values, are worthy of high regard. The current 
ist (ACGIH 1955) of 215 established and tentative threshold limit 
values includes 54 of those which were first proposed in Cook’s 
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some as definitely established, others to be used cautiously until veri- 
fied by actual experience. ; Ie | 

Ways to present the annual list of threshold limits in a more use- 
ful form have been suggested several times. The most detailed sug- 
gestions were those of the Committee on Chemical Agents (1949). To 
some extent these were carried out by Hemeon (1955), who tabulated 
separately values for irritant gases and vapors, toxic gases and vapors, 
toxic solvents, odorous solvents and metallic fumes and dusts. He 
distinguished between the risk to health of exceeding a threshold limit 
for a disagreeable substance and the risk with a toxic material. Earlier 
Brandt (1947) had this distinction clearly in mind. He tabulated all 
threshold limits in one list, but discussed separately groups of sub- 
stances which are irritant, toxic, allergy producing, fever producing, 
asphyxiant, and narcotic. 

ot since Cook (1945) has there been published a summary of the 
data which served as bases for the selection of specific threshold limits. 
The privately circulated documents which give some of these data 
(ACGIH 1953b, 1954b, 1955b) cannot be considered to be publication, 
although they are freely available to any interested person. It is a 
sound principle that no person or group of persons is qualified to 
issue an unsupported statement designed to guide actions which may 
affect public health. Too many facets of public health are in the 
special knowledge of too many different people to justify acceptance 
of the oracular or ex cathedra statement. All the facts and inferences 
should be made publicly available for scrutiny of every qualified per- 
son, in order that eventually a sound decision may be reached and 
generally accepted. 

Threshold limits are, and must continue to be, the products of judg- 
ment. They purport to state the maximum concentration workmen 
can inhale without injury to health. The most casual consideration 
shows there are several sorts of substances handled industrially; and, 
therefore, several different meanings must be attached to the respective 
threshold limits. When a substance injures chiefly because an excess 
leads to acute or chronic systematic poisoning, then, as a first approxi- 
mation, a workman can absorb from his lungs, without injury, a cer- 
tain number of milligrams of the substance each workday. It will 
matter little whether it be absorbed within a 30-minute period or 
evenly throughout the entire 8 hours. For such a substance, the 
threshold limit refers to the time-weighted average concentration he 
can safely breathe. 

When a substance is a narcotic, then a workman becomes liable to 
accident because of impaired coordination and reaction time when the 
concentration of the substance in his bloodstream reaches a specific 
level. An appreciable period of inhalation is required to raise the 
blood level. For such a substance, the threshold limit should refer to 
the greatest concentration inhaled, over perhaps a 10-minute period, 
at any time during the working day. Incidently, it is surprising 
that the careful observations of von Oettingen, Neal, and Donahue 
(1942) on very early human narcosis frem toluene inhalation have 
not been extended to more vapors. Certainly, in our complex indus- 
trial operations, it is important that reaction time and coordination 
of workmen not be impaired to the slightest degree. 
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When a substance injures chiefly because it is an irritant to eye, 
upper respiratory tract or lung, then, as a first approximation, a work- 
man can continuously inhale a definite concentration without injury; 
but even brief inhalation of a higher concentration causes annoyi 
or harmful irritation. For such a substance, the threshold limit 
should refer to the greatest concentration inhaled, even briefly, at any 
time during the 8-hour working day. Nevertheless, it must not. be 
thought that there are no chronic effects from simple irritants, for 
continued subclinical irritation may lead to fibrotic responses of to 
sensitization, and to enhanced susceptibility to infection. 

When a substance is an asphyxiant, then it cannot injure until its 
concentration lowers the oxygen content of the air to a dangerous 
level. The substance must approach 380,000 p.p.m. before the notice- 
able effects of anoxia result. For this substance, the threshold limit 
is simply a standard of good practice, based on the principle that any 
unnecessary intake of a substance is undesirable. A very large excess 
above the threshold limit can have no effect upon the health of the 
workman. 

Table 1 * is offered as an interpretation of threshold limit values, in- 
creasing the information they convey. It presents the familiar num- 
bers which give the engineer and the chemist the illusion of complete 
understanding, and it presents, in the form of abbreviations of self- 
evident meaning, some description of actions which gives the bio- 
logically and medically trained a feeling of confidence. The table is 
obviously too complex for great popularity. Nevertheless, every class 
of information listed is reuired by those who must apply threshold 
limits. The data relied upon for the interpretations and some com- 
ments on their adequacy are summarized after the table. 

All substances in the 1955 threshold limit table (ACGIH 1955), ex 
cept mineral dusts, appear in one alphabetical order. When a value 
is in units of milligrams per cubic meter, the letter “m” precedes the 
number. When a value had a tentative status in 1955, the letter “T” 
follows the number. 

Following the threshold limit values is a column showing a judg: 
ment of the most. serious effect. of inhalation of an excess. These data 
allow one to decide whether the threshold limit should refer to the time 
weighted average concentration or to peak concentrations, existing at 
any time during the day. 

hree columns record personal judgments and estimates as to 
what responses may occur in some workman inhaling continuously, 
all day, the threshold limit, twice, and 10 times the limit. It will be 
obvious from these entries that the threshold limit values do not. always 
define concentrations in which workmen will find no objectionable sen- 
sory effect, or even concentrations where no toxic symptoms will de 
velop in any individual. 

Next comes a column listing important injuries other than from im- 
halation, such as dangerous absorption through the skin, chemical 
burns of eye and skin, frequent allergic dermatitis, pyrolysis to phos- 
gene, and the like. The almost universal defatting of the skin by 
solvents, and freezing of tissue by low boiling liquids, has not been 
entered. 


1 Not included in this excerpt 
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The last two columns give some indication of the soundness of the 
value by describing the supporting data, and by specifying the year it 
was first proposed or adopted. - It is, of course, true that a value pro- 
posed many years ago and recopied in each succeeding year’s list is not 
necessarily proven sound, but in general, it is likely to be better estab- 
lished than a more recently adopted value. 

There may be objection that the table does not mention warning 
power nor attempt to evaluate this property. The author has be- 
come skeptical of the practical importance of warning power in pre- 
venting inhalation of an excess. Odor data are notoriously unreli- 
able. Estimates of tolerable working conditions with unacclimated 
subjects, briefly exposed, have only limited applicability to responses 
of acclimated and usually hardened workmen exposed all day. Early 
stages of narcosis reduce perception of ordor and irritation. Even 
with strong irritants like ammonia and acrolein, physical circum- 
stances, or a sense of duty, may keep a man at his post to be seriously 
injured by a concentration which, all would predict, cannot be inhaled 
voluntarily. 

There is nothing in table 1 which is not easily accessible, if not al- 
ready well known to a thousand experienced industrial hygienists and 
toxicologists. Not one of these thousand but will object to some of the 
personal judgments entered. However, the annual threshold limit 
tables are consulted by upward of 20,000 others who do not: have ac- 
cess to original sources and extensive experience. These people rightly 
regard the threshold limits as a presentation of the best available judg- 
ment, and they may wrongly regard them as everything they need to 
know about safe use of a substance. Despite specific disclaimers, 
printed with each year’s table, these readers tend to regard each 
threshold limit as defining the line bet ween safety and injury. 


RECOMMENDATION 


There is no justification, save administrative expediency, for com- 
bining in one category the diversely acting substances for which 
sound threshold limits have been established. For example, despite 
vigilant efforts of industrial hygienists, benzene, carbon tetrachloride 
and lead cannot be handled safely in the absence of medical supervi- 
sion. On the other hand, exposure to acetaldehyde, acetic acid and 
sulfuric acid is to a considerable extent self-policing, with sensory 
complaints from workmen indicating when conditions are not satis- 
factory. The vast majority of persons consulting and relying upon 
the threshold limits list do so in the interests of voluntarily protect- 
Ing health. They have no regulatory responsibilities, and adminis- 
trative expediency is no concern of theirs. It is a disservice to most 
users of the threshold limits list and to industrial hygiene itself to 
continue publishing the annual judgments as one list of unadorned 
and unexplained numbers. The profession of industrial hygiene 
should break away from past precedents, and replace threshold limits 
with multiple lists of hygienic standards of bikalatien. The latter 
hame is more flexible, and can properly cover several definitions and 
classes of hazard. 

For substances which can produce chronic systemic poisoning, the 
hygienic standard should refer to the time-weighted average concen- 
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tration which can be inhaled for an 8-hour day, day after day, with- 
out resulting in more than minor reversible injury ; and that in a very 
small proportion of exposed workmen. It should be further pro- 
vided that brief peak concentrations Te during the day should 
not exceed some multiple, perhaps 10, of the hygienic standard. The 
standards for such substances might be tabulated under the heading 
“Hygienic standards for inhalation of substances dangerous prin- 
cipally on repeated inhalation.” Such a list would be suitable for 
incorporation into official regulations. 

For substances whose most important injury can result from 1 day 
or less of inhalation, such as systemic poisoning, fume fever, narcosis, 
and dangerous irritation of the lungs, the hygienic standard should 
refer to the maximum concentration whieh can be inhaled even 
briefly, without resulting in more than minor reversible injury, and 
that in a very small proportion of exposed workmen. The standards 
for such substances might be tabulated under the heading Pras 
standards for inhalation of substances dangerous principally on 
single inhalation.” Such a list would also be suitable for incorpora- 
tion into official regulations. 

For substances whose most important effect is discomfort, the 
hygienic standard should refer to the maximum concentration which 
workmen can inhale for any brief period with only a few complaints 
of uncomfortable sensory response. The standards for such sub- 
stances might be tabulated under the heading “Hygienic standards 
for inhalation of annoying substances.” Such a list would have no 
ag place in official regulations. 

or substances whose most important effect is asphyxiation at tre- 


mendous concentrations, the hygienic standard is ee advice for 
e 


good practice and may be very loosely interpreted. standards 
for such substances might be tabulated under the heading “Hygienic 
standards for inhalation of substantially harmless substances.” 
Such a list would have no proper place in official regulations. 

The carrying out of these recommendations is appropriate for an 
organized group, not for an individual. The basic information is 
shanitindd in table 1, subject to discussion and revision. When the 
job has been done, a much more rational use may be made of what 
are now known as threshold limits, and writers will have less reason 
to ier endlessly that these values are simply guides or benchmarks, 
not dividing lines between safe and dangerous conditions. 

+ * * * * * * 


sce, yj 


- Ss 


ao 


-— mm het eee ee, on ena 6G ee 





STR eS TF 


Symposium on Threshold Limits 


Present Trends in MAC’s 


Introduction by WARREN A. COOK, Associate Professor 
Industrial Health\and Hygiene, School of Public Health 
University of Michigan, Ann Arbor 


E THINKING today on the concept of 

threshold limits of injvricus materials, 
designated by whatever term, has passed 
through an evolution to a gratifying wa- 
turity. 

Initially the need to know how little of a 
toxic substance might remain in an indus- 
trial atmosphere without injury to those ex- 
posed was insistently apparent. Such in- 
formation began to be supplied through cor- 
relation of concentrations of injurious sub- 
stances with observed effect on the health 
of the worker for such materials as granite 
dust! and lead compounds.” Results of short- 
time animal experiments had been available 
even before the present century from such 
investigators as K. B. Lehmann® and later 
from Yant and others at the U. S. Bureau 
of Mines,‘ with the classic combined long- 
exposure animal experimentation and oc- 
cupational study on benzene by Greenburg® 
in the middle twenties. 

As these threshold limit values became 
more numerous and were more widely ap- 
plied, it is perhaps not surprising that mis- 
conceptions and aberrant usages occurred. 
Some persons erred in considering the levels 
more precise than the facts justified; others 
rejected them because the values could not 
precisely fit all conditions of exposure and 
physiological response. And the detractors 
were for a while more vociferous and seemed 
possibly to be more sound than the pro- 
tagonists. 

With time, there has been a separation of 
the valuable advantages of the threshold 
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limits and the improper use of them. No- 
where is the present concept of threshold 
limits more ably and competently expressed 
than in the papers and discussions of this 
Symposium. 

That the discussants might not have the 
very last word, it may be permissible for 
this prologue to assume in part the preroga- 
tive of an epilogue! The following com- 
mentaries appear pertinent, 

The last publication of the American 
Standards Association Z-37 Committee on 
Maximum Acceptable Concentrations of 
Toxic Dusts and Gases® is reported cor- 
rectly as 1949 by Sachs who deplored the 
lack of revision of the 1941 Standard for 
benzene at the obsolete level of 100 parts 
per million. It is to be noted that this ASA 
Committee is now active in the revision and 
publication of MAC Standards for many 
of the materials on which information is 
available. 

The term “maximum acceptable concen- 
trations” was adopted by the ASA Commit- 
tee for a number of reasons. The word “ac- 
ceptable” does not connote the legal control 
inherent in the words “allowable” and “lim- 
it,” but rather a simple acceptability with- 
out further implication. Also, the expres- 
sion, MAC, has been widely used over the 
years and is now a part of the language. In 
fact the Germans adopted a wording which 
gives the abbreviation, MAK, so that this 
term may be used in international conversa- 
tion. Their words as used in the title of a 
paper by Oettel? are “Maximale Arbeits- 
platz-Konzentration.” It is understood that 
this same expression is being used in the 
“MAK” tables of the German Association 
for Worker Protection. 
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However, there can be no really valid ob- 
jection to the term “Threshold Limits” used 
by the committee of the American Confer- 
ence of Governmental Industrial Hygienists 
or to “Hygienic Guides,” the term adopted 
by the American Industrial Hygiene Asso- 
ciation committee. This Symposium would 
not be complete without reference to the 
availability of the excellent AIHA Hygienic 
Guides to which reference is made else- 
where in this Journal. 

One of the most perplexing problems in 
arriving at threshold limits is posed by the 
cancerigens. Stokinger’s statement in this 
Symposium is the first publication on this 
phase of the subject. However, the use of 
the procedure suggested by Stokinger as ap- 
plied to nickel carbonyl has already drawn 
some fire. Quoting in part from a private 
communication from Oettel whose publica- 
tions?* on ““MAK's” include a well-consid- 
ered presentation of the general subject: 
“We suggest that consideration be given to 
indicating the suspected cancerigens with 
an asterisk with reference to a footnote that 
the hazard exists and consequently especial- 
ly effective control measures be instituted. 
No man can say today which concentration 
of the several industrial substances is actu- 
ally required to be cancerigenic . . .” This 
statement follows his objection to the pres- 
ent listing by the ACGIH of nickel car- 
bony! as 0.001 ppm on the basis of its al- 
leged cancerigenicity, which incidentally 
Oettel’s extensive experience with the sub- 
stance causes him to doubt, while failing 
to include any acknowledgement of the 
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known cancerigenicity of arsenic, chromates 
and asbestos. Says Oettel “In this I see a 
great danger. The lists should in any event 
remain logical.” 

Waters’ discussion of Brandt’s paper oe. 
cupies the final pages of this publication of 
the Symposium, but it is believed that 
Waters would not wish his comments to be 
considered the last word on the subject of 
threshold limits—rather that his obserya- 
tions are limited essentially to the use of 
these values in legal codes, rigidly fixed by 
statute. As the last word in this Symposium, 
this introductory refers the reader to the 
concluding paragraphs of the paper by 
Brandt for his discussion of the philosophy 
of threshold limits.* 
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The Need for Threshold Limits 


MIRIAM SACHS, M,D. 
New Jersey State Department of Health, Bureau of Adult and Occupational Health 
Trenton, New Jersey 


BABLY one of the most. basic needs in 
human endeavor is for man to have an 
orderliness set to his manner of thinking. 
Everyone has a need for discipline, for 
boundaries to be drawn, and for limits to be 
defined. It does not matter that the only use 
for some of the limits so defined may be to 
ignore them; they have still served their 


purpose as a point of aim for individual 
interpretation. If this seems cryptic, an e 
ample concerning a common substance may 
be cited. 

Almost everyone is familiar with the 
threshold limit values for silica—for dust 
with a free silicon dioxide content above 
50%, the limit is given as five million parti- 
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cles per cubic foot of air (MPPCF), for dust 
with a free-silica content below 5%, the lim- 
it is 50 MPPCF, but 20 MPPCF is the value 
assigned for dusts with 5% to 50% free 
silica. It is rather difficult to understand 
how lungs could be so selective as to react 
with fibrosis if air containing more than 5 
MPPCF of a 50% silica bearing dust was in- 
haled, but would be expected to remain 
healthy if a 40% silica content dust at the 
level of 20 MPPCF was similarly inhaled. It 
would be of doubtful accuracy for each in- 
dustrial hygienist to interpolate on the 
curve of this wide range and apparent dis- 
crepancy. It has always seemed better prac- 
tice to abandon the middle limits and when 
necessary forward a report (concerning 
dusts with a free-silica content of about 
40%) that “dust with such a dangerously 
high content of free silica should be main- 
tained in the working environment at less 
than 5 MPPCF.” For agencies who have not 
conducted any research or original investi- 
gation along these lines, this might have 
been a precarious position under attack. 
Fortunately, the trend is toward revision of 
the limit for silica-bearing dusts. 


An Essential Tool 

Actually, threshold limits satisfy the need 
for a tool essential to the protection of the 
health of the worker. The quantity of tech- 
nical information concerning the biological 
actions of old and new chemicals is so vast 
that no single practitioner of industrial hy- 
giene can be expected to be able to as- 
similate more than a very small fraction of 
this mass of material. A list of guide values 
prevents the chaos that would result if each 
investigator conducting plant surveys had 
to depend on his own comparatively re- 
stricted experiences and background. Two 
of industrial hygiene’s sister specialities 


are admirable demonstrations of the benefits - 


of having, and the disadvantages of not 
having, an approximate measurement of 
hazard. In radiological health and radio- 
logical safety the maximum permissible ex- 
posure value, blessed by national and inter- 
national committees, has made possible 
much of the rapid adoption of var- 
ious radiological techniques, uses of radio- 
isotopes, and forays into the field of nuclear 
energy. 

In air pollution investigation and control, 
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lack of standards for permissible levels of 
atmospheric contaminants has_ seriously 
hampered wise administration of air pollu- 
tion control practices, and has made it al- 
most impossible to weigh the effects of 
these contaminants on the public health. 

The need for threshold limit values and 
the manner of use is quite different for the 
staffs of governmental or officie: agencies 
and for persons employed by private indus- 
try or working with research laboratories, 
universities or foundations. Official indus- 
trial hygiene agencies must have a screen- 
ing device to apply to literally thousands of 
industrial processes which are encountered 
in the day-to-day field work, from one year 
to the next. A screening device may very 
well be a single parameter but it should be 
used only for the purpose of suggesting 
more intensive and detailed study where the 
parameter is significantly exceeded. In 
multiphasic screening for chronic disease, 
the patient whose survey film is suspect for 
tuberculosis, cancer of the lung, or ab- 
normal heart outline is referred to his 
private physician or to an appropriate clinic 
for more definitive diagnosis. 

In discussing any screening test proce- 
dure, the question of false negatives versus 
false positives is certain to be reached. 
When the risk is permanent disability or 
death, the governmental industrial hygien- 
ist is so conditioned that he favors the side 
of the false positive; he tends to be too 
strict rather than too lenient. 

For private industrial purposes, the 
threshold limit values satisfy the need for 
engineering bench marks. “Almost 100% 
confidence can be placed in the threshold 
limits where they are being used for evalu- 
ating and controlling of an industrial en- 
vironment. This is particularly true in the 
use of these limits as a base line for calcu- 
lating control design specifications in that 
the usual engineering factors of safety are 
includéd in such designs. It should be re- 
membered that under this connotation the 
base line for comparison need not be ex- 
tremely accurate. Naturally, the more ac- 
curate the figure is, the better economy that 
can be realized in engineering a control.’’? 
One of the deans of industrial hygiene and 
toxicology, restated this point of view as, 
“We need a yardstick even if it’s only a rub- 
ber yardstick!” 
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Henry Smyth has given the most nearly 
complete description of the toxicological 
data required to satisfy all needs.* (1) What 
uniform concentration is tolerable eight 
hours a day for a working lifetime? (2) 
What correction in the average must be 
made for brief peak concentrations? (3) 
What single brief exposure to a high concen- 
tration is tolerable each day when there is 
no exposure the rest of the day? (4) What 
biological test upon the workman can meas- 
ure his actual intake of the chemical at his 
job? (5) What are the earliest symptoms 
and objective signs of excessive exposure 
and how severe can they become before re- 
moval from exposure fails to prevent perma- 
nent injury? (6) What is the best treat- 
ment for the effects of excessive single ex- 
posure or excessive repeated exposure?” For 
a few industrial! materials, all of these ques- 
tions can be answered. The threshold limit 
values attempt to supply the answer only 
for question one. The introductory preface 
to the list advises caution in interpreting 
even this single answer. The introduction to 
the 1954 list has probably been well read. 
The preface to the 1948 list warrants repe- 
tition: “While it will doubtless be very 
advantageous to have what might be called 
permanent or standard maximum allowable 
concentration values, it must be borne in 
mind that all our values at the present time 
are fluid and subject to annual revision. 
They should not be adopted as fixed or legal 
values, but merely as guides to assist us in 
defining more or less safe working condi- 
tions. . . It must be borne in mind that these 
values are not indices of toxicity and are 
not intended to approach that value. Ac- 
cordingly, the comparative toxicity of these 
compounds cannot be established on the 
basis of their numerical maximum allow- 
able concentration value. 

“People vary greatly in their response to 
drugs and toxic substances. Therefore, it is 
a figment of the imagination to think that 
we can set down a precise limit below which 
there is complete safety and immediately 
above which there may be a high percentage 
of cases of poisoning among those exposed. 

“With these facts in mind the Committee 
has set values below which it is fair to ex- 
pect reasonable protection and above which 
it is reasonable to expect that we can have 
occasional cases of poisoning.”’* 
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With so clear a statement of purpose on 
the books, it has always been somewhat 
baffling that several persons speak with bit- 
terness and disdain about the threshold lim. 
its list. In all fairness, it must be ad. 
mitted that the acrimony arises because 
the advice in the foregoing statement has 
frequently been disregarded and some regu- 
latory agencies have not only allowed but 
have assisted the entrance of the threshold 
limits into the sacred and rigid precincts of 
the law. This is an unfortunate resting place 
for a scientific instrument that requires con- 
stant adjustment and calibration. 

A number of excellent papers have been 
written on maximum allowable concentra- 
tions and threshold limits. In the interests 
of progress this panel discussion should be 
more than a review of bibliography. It 
should be a reflection of the opinions of the 
ACGIH-AIHA joint membership and some 
expression of their perspective on the 
threshold limits, their needs and their sug- 
gestions for changes or additions. Accord- 
ingly, a simple one-page questionnaire on 
the value of threshold limits was sent to the 
members of the American Industrial Hy- 
giene Association and the American Con- 
ference of Governmental Industrial Hy- 
gienists (excluding those in foreign coun- 
tries). A copy of the questionnaire appears 
on the next page. 


Response to Inquiry 
NE THOUSAND AND FIFTY questionnaires 
were sent out, of which 340 were re- 
turned by the February 10 deadline. Four- 
teen of these were discarded since they were 
simply courtesy returns with the questions 
unanswered. 

Of the 326 completed forms, the expres- 
sions of “confidence” in the Threshold Lim- 
its were divided as: 

Confidence 


100% 
80% 
50% 
Less than 50% 
Qualified 


Number of Replies 


53 
173 
37 
9 
54 


Total 326 
The group of qualified answers were ¢s- 
sentially those who wrote they could not ap- 
ply a numerical rating to their reactions to 
the threshold limit values or who said they 
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erate eerie 
New JersEY STATE DEPARTMENT OF HEALTH 
BUREAU OF ADULT AND OCCUPATIONAL HEALTH 
17 West STATE STREET 
TRENTON 8, NEW JERSEY 


Tue NEED FOR THRESHOLD LIMITS 


How would you rate your confidence in 
the ACGIH Threshold Limits? 

(check one) 

100% __ 80%__ 
Less than 50%__ 


Do you think we need a list of Thresh- 
old Limits? Yes__ No__ 


50% __ 


What standards of performance would 
you prefer? 


When you use or instruct as to the use of 
Threshold Limits, what qualifications or 
reservations (if any) do you advise? 


Other Comments 


May I quote you by name? Yes____ No 


Name 
Title pull 
Affiliation ee 





had, for example, 100% confidence in some 
of the values and little or no confidence in 
other values, particularly values for some 
newer substances assigned because of 
chemical or structural similarity to a ma- 
terial with a well-documented value. At this 
point it should be emphasized that many, 
many responses were careful to explain that 
their confidence rating was for the “value”; 
that their confidence in the Committee on 
Threshold Limits was unqualified. 
The question, “Do you think we need 
Threshold Limits?” was answered 
Yes 323 
No 3 


Total 326 

In the qualified answers, in the comments 
and in the suggestions for other standards 
of performance, there were many pleas for 
regrouping of data and for additional in- 
formation. These were expressed in many 
different ways but lent themselves to a few 
major headings. There were 103 requests 
that the list indicate whether the value was 
an “injury” value or a “nuisance” or “com- 
fort” value; there were 73 requests for a 


notation as to whether the value was based 
on animal experimentation or human experi- 
ence; 75 persons desired a short exposure 
value, a one-hour tolerance or a value for 
“peaks”; 32 wanted information on multiple 
exposures, synergism or additive effects; 
and 28 thought the references should be 
printed along with the assigned value. 
These suggestions may be summarized as 
follows: 
Requests for 
Comfort threshold 
(nuisance level) 61 
Chronic toxicity threshold 103 
(injury level) 42 
Animal experimentation or 
human data 73 
Short exposure threshold, 
one hour, peaks 75 
Synergism, multiple or 
additive exposures 32 
References on list 28 
Several of these comments and requests 
were embodied in enclosed reprints, long 
letters and telephone calls. With all this ac- 
tive and militant thinking, there should be 
no great fear that threshold limits will be 
applied blindly or that a numerical value 
will ever entirely replace thoughtful, scien- 
tific appraisal of the many factors that must 
be considered concerning the health of the 
worker and the status of the workroom en- 
vironment. Especially, the need for medi- 
cal examination and a determination of the 
general physical condition of the worker 
seem well understood. 


What to be Expected of ACGIH List 

NE pertinent question remains to be an- 

swered. What can logically be expected 
of a list, revised annually, compiled by a 
committee, each member of which is earning 
his living at a full-time job? One of the 
major values of the list is that it is revised 
annually, and new substances added as data 
are forthcoming. The excellent Z37 series 
prepared by the American Standards Asso- 
ciation contains much more information 
than appears on the Threshold Limits list. 
However, of the toxic dusts and gases group 
there have appeared 15 leaflets, the most 
recent of which was entitled, “The Allow- 
able Concentration of Methyl Chloride” 
which was published January 5, 1949. “The 
Allowable Concentration of Benzene” was 


Number 
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approved and published January 15, 1941 
and states the permissible concentration as 
100 parts per million parts of air by volume. 
So far as is generally known no revisions of 
this ASA figure have appeared although it 
is commonly agreed that the 1954 ACGIH 
value of 35 parts per million is a far safer 
working figure and one that is practical. 

If it would not unduly burden the Com- 
mittee on Threshold Limits it would be ad- 
vantageous to have a regrouping of the 
listed values according to comfort thresholds 
and chronic toxicity thresholds. And where 
they exist and are easily verified, it would 
be most helpful to have a special group of 
one-hour tolerances or peak short-time per- 
missible exposures. The combined mem- 
bership of today’s audience might give con- 
sideration to the publication of a monograph 
on threshold limits which could very well 
be a compilation of fundamentally sound 
material which has already been published. 
The monograph could include the papers al- 
ready referred to in this article, with per- 
haps several others that are equally well 
known,®:®.7.8 

No list of values and no amount of re- 
grouping and no increase in the number of 
background references can relieve the indus- 
trial hygienist of the responsibility of ac- 
quiring sufficient education and training to 
do his job properly and to think for himself. 
It seems desirable to add here another refer- 
ence, “Education in Radiation Protection,’ 
the Janeway lecture delivered by Lauriston 
S. Taylor. The words spoken by Mr. Taylor 
while directed particularly to the field of 
radiation exposure apply just as well to any 
industrial chemical exposure. He states: 

“The young radiologist should be educated 
in the background and significance of per- 
missible dosage or exposures and should at 
all times retain a sense of proportion and a 
sense of humor relative thereto. For ex- 
ample, the present permissible exposure for 
the whole body is 300 milliroentgens per 
week (measured in air). This figure was de- 
termined from a limited amount of clinical 
and biological data to which was applied a 
series of well educated guesses, and yet 
we may find a person’s weekly exposure re- 
corded as, say 163 milliroentgens—a figure 
that few, if any, practical clinical instru- 
ments can measure with an accuracy of bet- 
ter than + 10%. Again, if a film badge 


(accuracy + 20%) shows a reading of 260 
milliroentgens for one week, are we to be 
alarmed? And are we to be complacent with 
a duplicate reading of 200 milliroentgens 
taken in the same place for the same week? 
Actually both readings are the same within 
experimental limits of error and we should 
be alarmed in both cases not primarily be- 
cause the readings differ but because the ex- 
posure in each situation may be unneces- 
sarily high. It is only rarely that working 
conditions at a radiation level far below the 
permissible dosage cannot be obtained with 
but little inconvenience or added expense, 

“The aim should be to see how low a prac- 
tical operating level can be achieved—not 
how high a level without transgressing the 
300 mr per week medicolegal upp®r limits 
set by radiation safety experts. Even the 
smallest amount of radiation has some ef- 
fect on the living human body. Even if the 
harm is normally undetectable by the in- 
dividual, genetic damage can result from 
single minute exposures. We must prevent 
perceptible harm or damage—we should 
minimize the likelihood of undetectable 
damage even though we cannot eliminate it 
entirely.” 

The fundamental goal should be the im- 
provement of industrial hygiene practice. 
Threshold Limits, however accurate, and 
however well-documented, serve only as a 
guide and a yardstick. No method ever has 
been, or ever can be, devised that will permit 
an exact advance prediction of human haz 
ard. The closest we can come is human 
judgment. 
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Prepared Discussion 


HENRY F. SMYTH, JR. 
Mellon Institute 
Pittsburgh 


R. SACHS has established that the vast 
majority of our colleagues recognize 
their need for a list of threshold limits, She 
distinguishes between the need of the official 
agencies for a screening device to apply to 
thousands of industrial processes they en- 
counter in field work, and the need of the 
private industrial hygienist for an engineer- 
ing bench mark for planning and evaluating 
environmental control. To satisfy each of 
these needs vapor concentrations must be 
measured under operating conditions before 
the threshold limits values can be useful. 

There is a third group which uses thresh- 
old limits and needs them because nothing 
better suited to the need is available. Every 
one of our profession is a part-time member 
of this group and some are full-time mem- 
bers. Reference is made to the arm-chair in- 
dustrial hygienist. He may never measure a 
concentration and he may never observe an 
industrial operation. He uses threshold lim- 
its to advise upon the selection of a chemical 
for a particular application, to select a suit- 
able application for a little known chemical 
and to bolster sales arguments for a chemi- 
cal or mixture of chemicals. 

When the industrial hygienist is asked to 
advise whether acetone, propyl! acetate, or 
methylene chloride would be the safest sol- 
vent in a particular application, it may be 
believed that his answer is based on a pro- 
found knowledge of toxicology, but actually 
he recalls the threshold limits, or refreshes 
his memory by consulting the list while the 
questioner waits on the telephone. Then the 
answer is given as if the list recorded com- 
parative toxicities, perhaps adding a bit of 
qualitative information on fire hazard and 
type of injury from an excess. 

What better data are available for the 
arm-chair industrial hygienist than the an- 
nual list of threshold limits? He must have 
some guidance if he is to do more than toss a 
coin. If he is given a list based on uniformly 
conducted animal experiment, he is deprived 
of the benefit of the years of carefully ob- 
served and evaluated human experience 


which is recorded in some of the threshold 
limit values. Whether we want him to or 
not, he ( and that includes every one of us at 
times) will use threshold limits as estimates 
of comparative toxicity to meet his urgent 
requirement for finding some basis for opin- 
ion. 

To what extent is he wrong? A threshold 
limit based on comfort, irritation or good 
engineering practices certainly is not com- 
parable to one based on pathological effect. 
But the former limit is certainly lower than 
one based on injury. The error is on the side 
of safety if it is stated that material A has 
a threshold limit based on comfort higher 
than that of material B which is based on 
injury, therefore material A should be used 
in the process. . 

No matter which material is chosen it 
will be employed by persons subjected to the 
same degree of industrial hygiene and medi- 
cal scrutiny. By choosing the material with 
the higher threshold limit the probability of 
safe operation has been increased, even if 
the basis on which the choice was made is 
not numerically sound. 

There is one important short-coming in 
this argument which points out an im- 
portant way in which threshold limits do not 
meet the needs of the arm-chair industrial 
hygienist. If the volatility of a material with 
a high threshold limit is greater than that 
of a material with a low limit, then in a 
particular process the less toxic material 
may be more hazardous, because a greater 
vapor concentration will be in the atmos- 
phere. 

I maintain that the list of threshold lim- 
its is our best available source for judg- 
ments on comparative toxicity of vapors to 
humans. It can be improved for this pur- 
pose, but there is nothing better for us to 
use. However, it refers to toxicity, not to 
hazard. It is the single-phased toxicity of K. 
B. Lehmann. A table of comparative hazards 
would go back to Lehmann’s two-phased 
toxicity by combining vapor pressure (or 
evaporation rate) with toxicity. This table 
of comparative hazards is what the. arm- 
chair industrial hygienist really needs. It 
would go a long way toward satisfying all 
of his needs, particularly if it included in- 
formation on nature of injury, on the penal- 
ty for exceeding the limit and on the degree 
of hygienic urgency for observing the limit. 
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Methods of Establishing Threshold Limits 


JAMES H. STERNER, M.D. 
Medical Director, Eastman Kodak Company 
Rochester, New York 


HRESHOLD LIMITS are based upon in- 

formation derived from many and di- 
verse sources. For each evaluation, data 
developed by many different methods may 
need to be considered and weighed; and 
from this sometimes complicated, often con- 
tradictory, and rarely adequate, complex of 
information, a significant value must be 
developed. 

It is customary to append, as reference 
material, the important published studies 
from which the conclusions were made. In 
these studies, particularly if the author felt 
that his contribution permitted such a judg- 
ment, there is often a proposed threshold 
limit value. Not infrequently, of course, the 
values suggested by different investigators 
may disagree. The group which is charged 
with the responsibility for establishing 
threshcld limits must consider, in addition 
to the character of the study, such qualities 
as accuracy, reliability, completeness, and 
purpose—and, a not insignificant factor, 
the reputation of the investigator. 

The subject, “Methods of Establishing 
Threshold Limits,” has a connotation be- 
yond that of the procedures and techniques 
reported in the industrial hygiene literature. 
This has to do with the actual mechanism by 
which a group or a committee is designated 
to act as a body for establishing threshold 
limits, and the principles and practices 
which actually govern the operation of the 
committee. In the present evolutionary stage 
of industrial hygiene, the internal activities 
of this committee must weigh heavily in any 
consideration of “methods.” 


Threshold Criteria 


I? WOULD BE worthwhile, if it were possible, 

to record all of the elements of a delibera- 
tion in arriving at a standard. Often, there 
is considerable material, undocumented, 
which plays an important role in the evalua- 
tion, in addition to the published studies. 
This may be limited and fragmentary data 


from industrial or governmental industrial 
hygiene surveys; or it may be incomplete 
data from animal experiments; or reports of 
cases of alleged intoxication from Work- 
men’s Compensation sources. 

A still less tangible factor, related to the 
experience, training, and critical judgment 
of the individuals performing the evalua- 
tion, is the ability to make a variety of ex- 
trapolations. In one instance this may in- 
volve the estimation of the probable effect 
in man from data developed in one or more 
species of lower animals. The experimental 
toxicology data may be limited to acute or 
subacute experiments; but even if chronic, 
long-term studies have been done, the trans- 
lation from a few years exposure, even 
though a lifetime for the animal, to the long 
span of a working lifetime in man is a diffi- 
cult step. In other cases, the extrapolation 
may be from experimental or clinical data 
developed with one chemical to the probable 
effect of an homologous compound or a ma- 
terial with similar chemical structure. 

The behavior of a substance in other fields 
—as a therapeutic agent, an insecticide, or 
even as a beverage (as in the case of ethyl 
alcohol) may contribute important informa- 
tion. The background of the individuals 
making the judgment, with respect to per- 
sonal experience ranging from animal ex- 
perimentation through long-term clinical 
observation of exposed workmen, with re 
spect to a practical and critical appreciation 
of the value and limitations of methods 
for making environmental measurements, 
determines the ultimate value with which 
all of these factors, concrete and abstract, 
are blended to form a valid, practical, and 
acceptable threshold limit. The more sub 
stantial the documented information, the 
broader the sources of pertinent data, the 
less the demand for these intangible factors 
to fill the gaps which are inherent in this 
kind of procedure. 

The absolute test of a threshold limit has 
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not been, and probably will not be achieved 
if the measure of validity is strictly con- 
strued in terms of a completely “safe and 
healthful” environment for the occupational 
lifetime of an individual. Practically, cri- 
teria much less complete are accepted, al- 
though the trend is to the constant improve- 
ment of our methods for evaluating long- 
term and more subtle effects. These more re- 
mote parameters of injury are seen in the 
extreme in the study of radiation effects, 
where consideration is given to such factors 
as shortening of the total life span, and of 
genetic effects involving future generations. 
With the great majority of physical and 
chemical agents, we must be content with 
threshold limits predicated upon less ex- 
tensive and less subtle end-points. 

If threshold limits, even with their pres- 
ent imperfections, are accepted as useful 
and desirable, they must continue to be 
fabricated from information which is some- 
times inaccurate, frequently controversial, 
and always incomplete. In this discussion, 
no attempt will be made to define a pattern 
of acceptability for the various elements of 
evidence which may be considered in estab- 
lishing threshold limits (this might be 
paraphrased as “threshold criteria” for 
threshold limits). This will vary with the 
purpose for which the limits are intended, 
the character of the group making the judg- 
ment, and the need for such standards. At 
this point, it might be suggested that the 
various bodies which are responsible for es- 
tablishing standards, attempt to define in 
general the purposes, criteria for accepta- 
bility, and limitations of their function— 
and perhaps, specifically indicate the basis 
for their judgment in individual instances 
where important factors other than the ap- 
pended reports played a significant part. 
The publication of this information would 
not, of course, still all criticism, but it would 
obviate much of the criticism which is 
based upon unfamiliarity with the manner 
in which a decision is made. It is paradoxi- 
cal, that the greater the need for a thresh- 
old limit (in terms of the numbers of in- 
dividuals actually being exposed, and the 
severity of exposure) the greater the justi- 
fication for accepting a tentative standard 
on inadequate and incomplete information. 
This practice is defensible, of course, only 
if this initial guiding limit is continuously 
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and critically tested by a competent clinical 
study of the exposed people. 


Sources of Information 
‘THE TWO GENERAL sources from which sig- 
nificant information is developed are the 
experimental laboratory where the exposure 
is deliberate, and the actual plant operation, 
where the exposure is incidental (sometimes 
accidental). The establishing of threshold 
limits depends increasingly upon a balance 
of information developed from both these 
areas. The more complete the laboratory in- 
vestigation, the greater the security of the 
tentative standard for plant exposures. The 
inherent uncertainty of extrapolation from 
the experimental data necessarily places the 
final judgment upon the clinical evaluation 
of the exposed workmen. 

Industrial hygiene laboratory methods 
run a gamut from the simple, preliminary 
“screening” procedure using a few small 
animals to a relatively involved, carefully 
controlled, clinical experiment in which 
human subjects are deliberately exposed to 
a toxic agent. The studies with lower species 
should define a range from minimal or no 
effect through severe injury and lethality, 
and should indicate the various physiologi- 
cal and pathological mechanisms of injury. 
The exposure levels for the human subjects 
usually attempt to define levels associated 
with “discomfort,” “minimal,” and “earliest 
reversible” effects. 

There is no formula at present by which 
it is possible to estimate the pattern or 
amount of laboratory experimentation which 
will be required of this component in estab- 
lishing a threshold limit. In general, the 
more novel the physico-chemical properties 
of the agent, the more distantly related to 
other materials which have had industrial 
hygiene evaluation, the greater the amount 
and variety of toxicological procedures 
which must be employed. The direction and 
extent of further studies must be deter- 
mined as the pattern of toxicological investi- 
gation unfolds. The importance of the vari- 
ous routes of absorption, the relationship of 
divided dose administration to the single ef- 
fective dose, the relative primary irritation 
and sensitization potencies, the behavior in 
relation to such factors as species of test 
animal, age, sex, concurrent disease, are 
only a few of the important items which 
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must be considered in deciding the im- 
portance of the role which a particular ani- 
mal study may play. 

Seme of the experimental toxicological 
findings which suggest caution in evaluat- 
ing a study may be noted. A lethal dose 
curve whose slope is gradual may overlap 
the curve of the physiological function upon 
which the threshold is to be based. A scat- 
tered configuration of delayed deaths sug- 
gests multiple effects or secondary pathology 
which may be difficult to evaluate. A sub- 
stance which is a sensitizer or allergen, even 
though indicated solely by skin sensitiza- 
tion tests, may produce systemic or specific 
internal organ sensitization. Marked vari- 
ance with respect to severe injury or lethali- 
ty among several species of test animals, in- 
creases the difficulty of extrapolation. The 
failure to reproduce the disease pattern 
already identified in human subjects defi- 
nitely limits the significance of animal 
studies. Less clearly identified effects, such 
as involvement of the central nervous sys- 
tem, or injury which is not easily reversible, 
such as aplastic anemia, signal caution. 

Experimental methods with deliberate ex- 
posure of human subjects to low levels of a 
toxic agent are finding increasing useful- 
ness in establishing threshold limits. Ini- 
tially, many of these tests were concerned 
with irritation or discomfort levels, and 
although no injurious effects were noted 
in animals exposed to higher concentrations, 
the human experiment values were frequént- 
ly the determining factor in setting a thresh- 
old limit. A possible fallacy in this reason- 
ing lies in the quite common experience of 
finding conditions in plant operations which 
are quite irritating or uncomfortable to a 
person first entering the environment but 
which are tolerated without complaint—or 
even, in some cases, with a positive expres- 
sion of benefit—by the acclimated work- 
men. In such an instance it is difficult to de- 
cide which result is significant, the con- 
trolled short-term study using, usually, sub- 
jects whose experience with industrial con- 
ditions may be very limited, or the testi- 
monial evidence of workmen, especially if 
unsupported by evidence which confirms the 
absence of injurious effects. 

Other applications of the controlled hu- 
man-subject experiments may develop more 
important information. The studies of re- 
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tention of a toxin (with the long-term ip- 
vestigations of lead and fluorine as classie 
examples) must play an important role iy 
the establishment of threshold limits for 
these substances. The obvious advantage in 
this technique lies in the accuracy with 
which the relation can be established, ag 
contrasted with the more difficultly con- 
trolled experience in the plant. More of these 
studies on a long-term basis are needed, but 
the cost in effort and in dollars imposes dis- 
tinct limitations. 

This type of experimental approach is of 
value in determining the earliest (and stil} 
reversible) changes in certain physiologic 
functions, such as vascular instability as 
measured by blood pressure changes, or 
metabolite excretion, as in the urine sulfate 
partition with benzol absorption. The ob- 
jective, of course, is to recognize a reversi- 
ble, functional change which, if unchecked, 
may lead to permanent injury. A practical 
difficulty may develop as the acuity of test 
procedures increases, since the changes fre- 
quently are not specific for the toxin but 
may occur with many other factors which 
affect the body—as for example, an excess of 
alcohol. On the other hand, special applica- 
tion of statistical methods to group e& 
posures may make these techniques one of 
the most acute methods of signaling injury. 


Value of Data on Worker Exposures 
‘THE CONCEPT that a careful and compre 
hensive study of the exposed workmen is 
the most significant factor in establishing a 
threshold limit, merits repetition. In praec- 
tice, however, the number of substances for 
which such complete studies have been re- 
ported are few. A number of factors operate 
against such long-term, comprehensive in- 
vestigations. The cost of an adequate clini- 
cal program, carried on over many years 
and with continuing negative results, re 
quires the support of an unusually intelli- 
gent and understanding management. The 
development of environmental measure- 
ments so as to be effective for correlation 
with the clinical findings requires a high 
degree of cooperation and planning between 
clinical and industrial hygiene activities. 
And, finally, the job of organizing the ex- 
tensive data, of deciding that the results are 
significant, particularly if they are negative 
in the sense that no injury is found, and 
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of preparing for publication (since there is 
no Journal of Negative Data), demands of 
an investigator courage to the point of be- 
ing foolhardy. 

Of the various types of information which 
can be obtained from actual industrial ex- 
posures, the unsupported testimony of work- 
men and supervisors, even though accom- 
panied by accurate measurements of en- 
vironmental factors, is generally so un- 
reliable as to merit little weight in establish- 
ing a threshold limit. Individuals who are 
unable to tolerate the work conditions, or 
those who have actually become ill and left 
the job, may have been eliminated so gradu- 
ally that recognition of the cause and effect 
relationship may not have developed in the 
remaining personnel. Furthermore, human 
nature is such that under these circum- 
stances the men remaining on the job are 
apt to dismiss the others who left as being 
“too weak to take it.” 

As in the case of planning a program of 
experimental laboratory methods for evalu- 
ating a toxic agent, the in-plant clinical sur- 
vey and environmental analysis must develop 
in relation to the specific hazard. To the 
basic elements in the medical examination 
may be added a variety of special test proce- 
dures selected to detect the earliest changes 
in physiologic function. If little is known 
about the kind of toxic reaction which may 
develop, a “shot-gun” approach may be 
justified with the hope that one or more of 
the battery of tests will signal a harmful ef- 
fect. As knowledge of the earliest reactions 
to specific agents increases, the selection of 
the most sensitive test procedures becomes 
more practical, and more reassuring. 

The recognition of an occupational dis- 
ease is frequently much simpler than the 
proof that a particular exposure is free 
from any injurious effect. As exposures to 
toxic materials are decreased from levels 
which can injure in a relatively short time, 
point is reached where the signs and symp- 
toms may develop only after a very long ex- 
posure time, and the disease so mild as to 
challenge the best diagnostic program. We 
can note again the studies with radiation, 
where minimal shortening of the life span 
with relatively low exposures can be demon- 
strated in experimental animals but would 
be impossible to detect, with our present 
techniques, in the human subject. 
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Clinical Observations 
‘THE BROADER the base of the clinical in- 

vestigation which is associated with a 
finding of no injury or no significant injury 
at a particular exposure level, the greater 
the reliability of the conclusion. To the 
critical investigator, however, the job is 
never complete, never without some area in 
the study which could not have been 
strengthened or improved. The period of 
the study can extend into many years, and 
yet the end point can remain uncertain. 

As other techniques are added to the 
evaluation program—such as studies of 
morbidity and absenteeism, reasons for dis- 
pensary visits, and analysis of cause of 
death—the problem of interpretation be- 
comes increasingly complicated. An example 
may be cited in which two young women em- 
ployees in the same small department 
developed leukemia within a few months of 
each other. This occurrence was readily 
accepted as a chance finding because both 
girls had clerical positions with no possible 
exposure to an industrial toxin. Had this oc- 
curred foliowing a common exposure, how- 
ever brief or minor, to a new chemical with 
a long and unfamiliar name, it is quite like- 
ly that medical testimony would have been 
developed, in a Workmen’s Compensation 
hearing, attributing the disease to the ex- 
posure. The effect of the incident might well 
have extended beyond the cost of compensa- 
tion and into the area of threshold limits 
by the publication of a case report. A fine 
discretion is required in recognizing the 
first or isolated instances of injury to a new 
chemical and yet avoiding the inclusion of 
cases solely on legal or social motivation. 

In a study of the long-term effects of a 
solvent, records were kept of the causes 
for dispensary visits. A slightly higher in- 
cidence of gastrointestinal complaints was 
found in the exposed group, and since this 
had been reported previously by others, it 
seemed significant. However, the incidence 
of respiratory complaints was as much 
lower for the exposed individuals. In an in- 
terpretation, it would have been equally 
proper to assume that the solvent vapors 
“protected” the individuals against respira- 
tory disease, and that this beneficial effect 
might offset the gastrointestinal difficulties. 
As might be suspected, when these relations 
were put to the test of statistical signifi- 
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cance, both could have been due easily to 
chance alone. 

A final word is in order concerning the 
methods for developing data by which the 
environment is described—the conditions of 
exposure. As much variability can be, and 
is, encountered with this function as with 
the methods for laboratory experimentation 
and in-plant clinical examinations. The ac- 
curacy and reliability of the analytical tech- 
niques, the relation of the time and site of 
sampling to the true exposure, the presence 
of other agents which might modify the 
single action of the toxin under study are 
some of the many factors which must be 
critically examined in the light of their 
usefulness for correlation with a given set 
of experimental or clinical findings. 

It is obvious that there is no single 
method or pattern of methods which can 
satisfy the varied requirements for estab- 
lishing threshold limits. It is equally obvious 
that even though rigid standards were de- 
scribed which would satisfy a discriminat- 
ing jury of scientists, the available data 
for establishing threshold limits for all but 
a very few substances would fail to satisfy 
such limits. The real use for threshold lim- 
its, as a guide for industry in the control 
of exposures and as a measure for action by 
governmental agencies, demands a con- 
tinuing improvement in the quality and 
quantity of the methods by which truly 
valid criteria may be achieved. 


Prepared Discussion 


HERBERT E. STOKINGER, Ph.D. 
Chief, Toxicological Services 
Public Health Service 
Cincinnati, Ohio 


R. STERNER has discussed the great diffi- 
culties attendant on developing ade- 
quate data for threshold limits, the many 
imponderables in their interpretation, and 
their unsatisfactory and necessarily always 
incomplete nature. All these considerations 
should certainly be thoughtfully considered 
and strongly stressed, because errors in 
judgment cannot be afforded. But lest these 
many considerations seem so formidable to 
many potential investigators as to prevent 
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their needed contributions (which was far 
from Dr. Sterner’s intention) or depress the 
more experienced contributors, it should be 
immediately pointed out that there are at 
least two practical and very helpful means 
of overcoming certain deficiencies inherent 
in the basic data. One is the safety factor, 
the other, the periodic re-evaluation of the 
threshold limit values. The safety factor has 
been built into most of the values in the 
threshold limits list.* The factors 2, 5; 10 
or even greater have been applied to some 
values. There are, of course, some notable 
exceptions, such as the present value for 
trichloroethylene, for which the threshold 
limit is the absolute ceiling, but generally 
such instances are rare. In general, the 
greater the uncertainty in the data’s appli- 
cability to human industrial exposure, the 
larger the factor applied. This lowering of 
the limit value by an arbitrary safety factor 
may at times provoke some controversy, be 
cause now the value becomes one of opinion, 
not fact. Be that. as it may, the safety factor 
incorporated in the air standards gives in- 
creased assurance of safety to many doubt- 
ful values. 

The re-examination of the listed values by 
the committee provides annually for read- 
justment of all values, whatever their sane- 
tity, upon submission to the committee of 
new and experimentally supported findings. 
Repeated scrutiny and re-appraisal of this 
sort can lead finally only to assignment of 
safe values on which complete reliance can 
be placed. The committee welcomes all such 
information.** 


Need for more Data 


IN THIS CONNECTION another point implied 

in Dr. Sterner’s discussion should be 
strengthened—namely, the need for more 
data substantiating the choice of safe ex- 
posure levels based on industrial experience. 
Much useful information is undoubtedly in 
the files of many plants. Indication of this 
was the fine evidence on six industrial sub- 


*The incorporated safety factor in the threshold limit 
values, although added at times because of uncertainty 
in the value as related to human exposure, often sctually 
provides an appreciable margin of safety. For this reas 
the correctness of the term “threshold limit” may be 
questioned. It might more properly be replaced with “sit 
hygiene standard.” 

**Allan Coleman, Chairman Threshold Limits Commit 
tee, ACGIH, Connecticut State Department of Health 
Hartford 1, Connecticut. 
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stances derived from many years of plant 
experience that came to light last year at 
these meetings from the presentation of 
Herbert J. Weber.' Others should have 
similar material that should be brought to 
the attention of the Threshold Limits Com- 
mittee. Like Weber’s material, all of it need 
not be novel or presented to show need for 
changing existing limits; equally valuable 
are data confirming existing limits. As never 
before, interest in the value of the control 
of industrial environments is being shared 
by management generally. Greater numbers 
of industrial hygienists than ever before are 
being engaged by industry. Is it too much to 
hope that meetings such as these will orient 
the thinking of properly placed industrial 
hygienists to secure much needed plant in- 
formation to aid in the choice of safe lim- 
its of human exposure? 

The type of information needed may be 
listed as follows: (1) Air concentrations 
should be determined for the substances 
under study through a complete cycle of 
plant operations and with reasonable regu- 
larity in order to obtain a true picture of the 
range and fluctuations of exposure. (2) 
The data should have good accuracy. (3) 
The observations should be carried out over 
a reasonable period of time—a minimum of 
five years. (4) The air concentration data 
should be correlated with a good medical 
program. A pattern for such work is that 
of Dr. Sterner’s 10-year study of workers 
exposure to butyl alcohol.? 

There is a real need for more data based 
on industrial experience. The often-heard 
statement “the threshold limits are nothing 
but educated guesses” unquestionably re- 
flects the wish at least that more data be 
firmly based on industrial experience to sub- 
stantiate the choice of limits. As a member 
of the Threshold Limits Committee, I was 
concerned over the statement and took the 
trouble to review each substance in the 
threshold limit list for 1955 as to the basis 
for choice of the level. The results are shown 
in Table I. It is possible that everyone would 
not arrive at precisely the same figures, but 
I believe that their magnitude would not be 
much altered. Although the table shows that 
the educated guesses account for a relative- 
ly small number, it does confirm the often 
expressed feeling of the need for more 
solidly based levels. Table I shows a number 
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TABLE I. 
BASIS FOR CHOICE OF THRESHOLD LIMIT VALUE* 


Percent 
Total 
Listings 
(223) 
Animal o4 42 
Industry 51 23 
Animal & Industry 23 10 
Man 25 ll 
“Educated Guess” 21 9 
Animal & Man 9 4 


No. of 


Study Type Listings 


Source uncertain 3 1 


*Based in part on Cook, W. A., Ind. Med. 14:936, 1945, 
and from documented material of Threshold Limits Com- 
mittee A.C.G.I1.H. 1953-1955. 


of other interesting facts: (1) that most of 
the values have some sort of scientific basis; 
(2) that each level has been documented 
either by Warren A. Cook,’ or by the Com- 
mittee on Threshold Limits; (3) that th: 
values based on animal experiments account 
for the largest number, 42%; but (4) that 
values having some industrial basis account 
for 1/3 of the total. 

The values ascribed to the “man” cate- 
gory arise from two sources—that of Nel- 
son, et al, and those more recent publica- 
tions of the Dow Chemical workers, Irish, 
Rowe, Spencer, Adams et al. 


The "Educated Guess” 


A FEW WORDS should be said in defense of 
the “educated guess.” A review of the 
values described as guesses indicates in the 
instances in which sound information has 
later become available that the “guess” was 
remarkably good. Two prominent examples 
only will suffice—hydrogen fluoride and 
uranium. A safe exposure level for hydro- 
gen fluoride was set at 3 ppm on the very 
limited evidence supplied by a study in ani- 
mals by Ronzani in 1909.5 Last year a re- 
port® culminating many years of study of 
fluoride exposure in the aluminum industry, 
involving thousands of air and urine analy- 
sis for fluoride and studies of roentgeno- 
graphic changes in bone, showed without 
question that air levels double the accepted 
limit gave rise to perceptible changes in 
bone in only a few individuals, and only 
after many years of exposure, thus vali- 
dating the wisdom of this “educated guess.” 
In the case of uranium, an engineering 
bench-mark had to be “guessed” at early in 
the days of the Manhattan Project. After a 
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review of the quite limited animal data on 
uranium then available, Dr. Stafford Warren 
suggested that the “safe” exposure level for 
uranium be the same as that for lead, 0.15 
mg/cu.m. After $500,000 and many years 
had been spent in research, the safe levels of 
exposure to uranium compounds were found 
to bracket this value very closely. 


Levels for Cancerigens 

HERE is still one group of substances for 

which some method should be devised for 
establishing safe air standards—the indus- 
trial cancerigens. How shall we establish 
the limits for this type of substance? Thus 
far the question has been sidestepped com- 
pletely. As a result, with one exception, 
nickel carbonyl, limits taking into consider- 
ation potential cancerigenicity have not 
been assigned. Several industrial substances 
are known or suspected cancerigens; many 
more are suspect on the basis of animal ex- 
periments. As a suggested method of ap- 
proach, the following is offered: To the level 
judged safe for other types of systemic in- 
jury add a safety factor for carcinogenicity. 
The magnitude of the safety factor is sug- 
gested to be from 100 to 500. This provides 
at least a second power of 10, which, from 
the well-known dosage-response hypothesis, 
provides at least a fourfold longer interval 
before effects may be expected to occur, or 
conversely at least a response with %4 the 
intensity. This manner of approach has been 
used for nickel carbonyl. A tentatively safe 
level for systemic effects from repeated 
daily exposure has been set at 0.1 ppm; one- 
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hundredth this level, or 0.001 ppm was set 
for nickel carbony] on the basis that nickel 
poisoning gives rise to a substantial jp. 
crease in the incidence of lung cancer, It js 
realized that unfortunately the safe lim. 
its for all industrial cancerigens cannot be 
so readily resolved. This is especially true of 
dye intermediates, such as benzidine and 
naphthyl amines whose major route of entry 
is not commonly via the lungs but through 
the skin and gastrointestinal tract. These 
are laundry and protective equipment prob- 
lems not solvable by air control. 

There are undoubtedly substances to 
which the suggested procedure may not 
strictly apply, but imperfect as it may be, 
the suggested method is felt to be a step in 
the right direction and serves better to curb 
exposures to industrial carcinogens than 
considering the problem too difficult to cope 
with at the present time. 
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Engineering and Chemical Application of Standards 


ALLEN D. BRANDT, Sc.D. 
Bethlehem Steel Company, Bethlehem, Pennsylvania 


HE WHY AND How of threshold limits for 

air contaminants have been discussed by 
the preceding speakers. The logical next 
and final consideration is the use or applica- 
tion of these limits in preventing occupa- 
tional diseases, in avoiding complaints from 
exposed employees, in maintaining employee 
efficiency, and in promoting good house- 
keeping. 


To engineers engaged in industrial hy- 
giene, threshold limits provide the reference 
line or bench mark upon which all considera 
tions and calculations for the control of air 
contamination are based. It is characteristic 
of engineers and of others in the 
sciences to want to reduce to numbers the 
problems with which they deal, because only 
then can they be attacked in a precise man- 
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ner. It has never been clear in my mind 
whether engineers enter this profession he- 
cause of their love for and adeptness with 
numbers, or whether they acquire their de- 
sire to work with numbers as a result of 
pursuing the engineering discipline. Nor is 
it important to the subject matter of this 
paper to know which is the cause and which 
the effect. Suffice it to recognize at this time 
that this quality is omnipresent in engi- 
neers, and if industrial health problems 
arising out of environmental conditions are 
to be prevented or controlled, the physiologi- 
cal responses of the industrial employees 
will have to be translated into some physical 
yardstick readily understood by engineers 
whose function it is to regulate the environ- 
ment in the best interests of the worker and 
of production. 

Threshold limits serve several very use- 
ful purposes in the industrial health picture. 
Through careful studies of the air at exist- 
ing operations or in existing plants, they 
permit deciding whether a health hazard is 
present or not, and if present, how severe 
it is. They are quite useful to the discern- 
ing physician in determining whether the 
health impairment of an exposed worker is 
attributable to his employment, and in this 
respect may exert significant influence on 
the disposition of occupational disease 
claims. 


Where a health hazard from air con- 
tamination has been found to exist, thresh- 
old limits frequently are the guidepost indi- 
cating which avenue of control to follow to 
achieve a satisfactory solution to the prob- 
lem. Having ascertained the avenue to fol- 
low, the threshold limits provide the only 
scientific basis as to how far we must jour- 
ney to arrive at the desired destination. 

Having alluded briefly to the principal 
roles played by threshold limits in industrial 
hygiene, let us now examine each one of 
these more carefully and consider their ap- 
plication in industry. 


Evaluating Potential Health Hazards 

N THIS AGE of mechanization and high 
_ Speed production, there are many places 
in industry where some of the materials be- 
ing handled, consumed, or processed escapes 
into the air. Whether this airborne con- 
taminant constitutes a health hazard de- 
pends upon its concentration in the air 
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breathed by exposed persons as related to 
its inherent harmfulness. The concentra- 
tion of the material in question in the 
breathing zones of employees is capable of 
rather accurate measurement. If the harm- 
fulness of the contaminant is known, also, 
in terms of a safe atmospheric concentra- 
tion (the threshold limit), the presence or 
absence of a health hazard is apparent. In 
this way threshold limits are applied widely 
in industry to decide where better control of 
the environment is needed and where it 
is not needed. 


Assisting in the Diagnosis of Illness 
N° INFREQUENTLY, there is a discourag- 
ing duplicity of symptoms manifested 
by persons suffering from different illnesses, 
especially in the early stages. If the symp- 
toms exhibited by an employee are compati- 
ble with those that might be produced by 
the air contaminant to which he has been ex- 
posed as well as with several other stimuli 
of non-occupational origin, comparison of 
the concentration to which he actually was 
exposed with an accepted threshold limit for 
this same material is of inestimable value in 
arriving at the most probable cause of the 
illness. If the exposure exceeds the thresh- 
old limit and the symptoms are indicative 
of illness from such exposure, the occupa- 
tional hazard may well be the cause. If, how- 
ever, the atmospheric concentration of con- 
taminant in the breathing zone of the 
worker has been well below the threshold 
limit, it suggests to the examining physi- 
cian that all other possible causes must be 
explored thoroughly before a diagnosis can 
be made. 

This application of threshold limits some- 
times reaches out into the compensation 
courts. The employee’s personal physician, 
having only the complainant’s description of 
his job rather than factual data to guide 
him in the diagnosis, not infrequently will 
arrive at an erroneous conclusion. Contro- 
versial medical opinions are introduced in 
evidence at the hearing, and the carefully 
measured atmospheric concentration of the 
material in question as compared to the 
threshold limit for this material is the 
only bit of uncontested scientific informa- 
tion that the referee has available on which 
to decide the case. This is not to say that the 
controverted cases usually are decided on 
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this basis. Other factors, many of which are 
not scientific in nature, play a part in the 
adjudication of such compensation cases. 
Nevertheless, testimony of this kind has 
been heipful in arriving at the truth in some 
cases, and there is hope that an increasing 
amount of importance will be attached in 
the future by compensation courts to evi- 
dence of this kind, as more and more experi- 
ence is accumulated to support the threshold 
limits and as knowledge of this useful tool 
becomes more common in compensation 
circles. 


Control of the Hazard 


I? Is in the control of atmospheric contami- 

nants that threshold limits find their most 
important application in industry. The 
judicious use of threshold limits in selecting 
and designing control measures and equip- 
ment will result in satisfactory working con- 
ditions at a minimum in cost and interfer- 
ence with production. Possibly the best way 
to add clarity and reality to this general ob- 
servation is to implement it with conspicu- 
ous examples. 

Given: a production type degreasing op- 
eration in which the parts are cleaned 
mechanically by immersion in a tank of car- 
bon tetrachloride. The tank is provided with 
a local exhaust system, but is so wide that 
considerable of the grossly contaminated air 
at the remote side is spilling into the work- 
room air and nearby employees are exposed 
to vapor concentrations in the order of 
250 ppm. Problem: how best to correct this 
condition. 

Obviously the condition can be corrected 
by rebuilding the exhaust system and in- 
creasing its capacity, or by changing to a 
less toxic solvent. Imagine how insecure 
you would feel in facing this problem if 
there were no threshold limits to guide you. 
You would not have any idea how much re- 
duction in vapor concentration is necessary 
to eliminate the health hazard. Even if a less 
toxic solvent were substituted, there would 
be no way of knowing whether it alone will 
solve the problem or whether improved 
process ventilation is needed, and if an in- 
creased exhaust rate is needed, how much 
increase is required. To be on the safe side 
you probably would change to a safer sol- 
vent and redesign the exhaust system with 
100% capture as your goal. 
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How much simpler it is with thresholj 
limits to provide a scientific basis for cop. 
sideration. Obviously the exhaust system 
could be redesigned to capture all the vapor 
rising from the tank surface and from the 
withdrawn parts. This would have the seri. 
ous disadvantage of increasing markedly the 
consumption rate of the solvent, carbon 
tetrachloride. Since methyl] chloroform has 
physical characteristics very similar to car- 
bon tetrachloride, if it were used instead of 
carbon tetrachloride the atmospheric con- 
centration of vapor would be about the same, 
and since the threshold limit for methyl 
chloroform is 500 ppm, the problem would 
be solved. However, this solution carries 
with it a substantial cost disadvantage, 
methyl chloroform being more expensive 
than carbon tetrachloride. Therefore, let’s 
consider using trichloroethylene or per- 
chloroethylene in place of carbon tetra- 
chloride. It too costs more than carbon tetra- 
chloride, but because of its lower volatility 
the consumption rate will decrease if much 
of the loss takes place via the air entering 
the exhaust system. But what about solving 
the health hazard. The threshold limit for 
trichloroethylene and for perchloroethylene 
is 200 ppm and the vapor concentration was 
found to be in the order of 250 ppm when 
carbon tetrachloride was used. Because of 
the lower vapor pressure of the proposed 
substitutes, the amount of vapor getting 
into the room air will be much less and the 
exposure of the workers will be reduced to 
a value well below 200 ppm. Thus by em 
ploying the yardstick of threshold limits, 
two easy and certain solutions are found to 
this problem without difficulty. 

It may be well to emphasize at this point 
that other important considerations must 
not be overlooked. All factors must be borne 
in mind whenever one is faced with an ait 
contaminant control problem. Sometimes 
careful selection of a substitute will not 
not only bring the health hazard under 
control but also will increase the op 
erating rate, or decrease the consumption 
rate of a process ingredient thereby achiev- 
ing considerable cost advantage as a by- 
product of the change. By way of illustra- 
tion, the slower evaporation rate of per- 
chloroethylene as compared with carbon 
tetrachloride not only minimized the poten- 
tial health hazard at a specific gravity test- 
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ing operation but also resulted in an an- 
nual saving of about $3000 in the cost of the 
liquid consumed. This, in spite of the fact 
that perchloroethylene is much more ex- 

ive per unit of measure than is carbon 


tetrachloride. 


Criteria in Substitution 

TH APPLICATION of threshold limits in the 
control of health hazards by substitution 

js such a useful tool that several other ex- 

amples will be cited. 

Solvent degreasers and cleaners are used 
so widely, and frequently so erratically, that 
it is difficult to be certain that adequate 
control precautions are being observed at 
all times, especially if the solvent in ques- 
tion is relatively toxic. For this reason in- 
dustry is engaged in a search for effective 
solvent cleaners which inherently are much 
less toxic than those in common use today. 
Because carbon tetrachloride has qualities 
which make it an exceptionally satisfactory 
solvent from the functional viewpoint, it is 
in constant demand by all operating people 
who are not fully aware of its danger. How- 
ever, reputable jobbers and vendors of pro- 
prietary solvents of all kinds have become 
increasingly conscious of the health con- 
siderations attending the use of their prod- 
ucts and have been selecting their product 
ingredients on the basis of toxicity ex- 
pressed in terms of threshold limits. It is 
heartening to note how commonly the sup- 
pliers of solvent degreasers and cleaners are 
using the valuable yardstick of threshold 
limits to concoct ever safer products to sat- 
isfy the complex degreasing and cleaning 
demands of industry. 

It appears to us that we are on the door- 
step of a new era which will see great ad- 
vances in solvent cleaning safety, thanks to 
threshold limits. It would be remiss at this 
time not to mention that methy] chloroform 
promises to be the carbon tetrachloride of 
tomorrow. If properly inhibited to prevent 
its corrosive action on certain metals, it 
appears to be the perfect answer for those 
cleaning and degreasing jobs on which only 
carbon tetrachloride has been acceptable in 
the past. 

Threshold limits have played and continue 
to play a key role in the control of the 

associated with abrasive blasting of 
all kinds. Originally, sand was used for all 
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abrasive blasting. This created a serious 
health hazard on the part of the operators 
and nearby employees, and not infrequently 
it posed a serious wear problem on nearby 
machinery which had not been protected 
during the blasting. The problem was soon 
brought under control for most production- 
type blasting by housing such operations in 
well ventilated rooms, chambers or booths. 
In addition, steel grit was substituted for 
sand on most work of this kind if the grit 
was recoverable and reusable. Because of the 
high cost of steel grit as compared with 
sand, it was not readily accepted for work 
in which most or all of the grit was lost. 
More recently, however, several types of 
grit have been placed on the market which 
are by-products of the metal smelting and 
refining industry. While not as economical 
as sand, they are much less expensive than 
steel grit. These substitute blasting grits 
came into use because the probable health 
hazard attending their use is much less 
than is the case with sand, in terms of the 
threshold limits of the ingredients and the 
amounts present. Selection of the particular 
by-product grit to be used on any blast 
cleaning job is made on the basis of avail- 
ability and the probable health hazard as ex- 
pressed by the threshold limits of the in- 
gredients and the amounts present. 

But the application of threshold limits on 
abrasive blast cleaning jobs does not end 
here. Since most blast cleaning jobs are not 
done mechanically in well ventilated booths 
and require respiratory protection for the 
operator, threshold limits enter the con- 
sideration as to the proper respirator to be 
worn. Supplied-air respirators or helmets 
require a supply of air of respirable quality 
under pressure. Consequently for isolated 
jobs where a separate blower or semi-com- 
pressor would be required to furnish air to 
the respirator, conventional dust respirators 
of the mechanical filter type may provide 
adequate respiratory protection depending 
upon the harmfulness of the dust produced 
as determined by the threshold limits of the 
grit ingredient and those of the surface be- 
ing cleaned. In reverse order, of course, sand 
may be used with safety if the blaster can 
conveniently wear a supplied-air helmet 
and a source of respirable air for the res- 
pirator is readily available. 

It must not be inferred from the fore- 
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going that threshold limits per se of a 
process material or the ingredients thereof 
determine the extent of a health hazard. The 
atmospheric concentration of the contami- 
nant in the air to which the employee is ex- 
posed is equally important. But when con- 
sidering a type, or class, of operations in 
which the employee’s exposure does not vary 
tremendously, as a rule, from one operation 
to another, substantial changes in the 
threshold limits of the process material in- 
gredients overshadow the smaller variations 
that take place in atmospheric concentration 
of the contaminant. This is not to say that 
all abrasive blasting operations produce the 
same concentration of dust in the ambient 
air, but rather that, all other things being 
equal, a change in the nature of the blasting 
material will not affect the dust concen- 
tration nearby as profoundly as it will 
the applicable threshold limit, if the sub- 
stitute material is well chosen. For ex- 
ample, it is extremely unlikely that 
steel grit or even a substitute grit pro- 
duced as a by-product in the glass or in 
the smelting industry and containing less 
than 5% free silica would create as severe 
a hazard as does sand in blast cleaning of 
unpainted surfaces. Obviously, if painted 
surfaces are blast-cleaned, a new factor en- 
ters the picture which may well overshadow 
the composition of the grit. However, here 
again threshold limits would be consulted in 
conjunction with the dust concentration to 
determine (1) the severity of the health 
hazard, (2) whether there is any advantage 
in using a more expensive substitute grit, 
and (3) what is required in the way of 
personal protection. 

Threshold limits are especially useful in 
designing for the control of air contami- 
nants in all cases where the sources are of 
such nature, location and distribution as to 
permit effective control by general ventila- 
tion. In the case of solvents or other liquids 
being used in a room, the required ventila- 
tion rate can be calculated very easily if the 
consumption rate of the liquids is known. 
The same is true for particulate matter if 
the rate of dust generation is known, or if 
information is available as to the dust con- 
centration and ventilation rate prevailing 
at a comparable operation elsewhere. By em- 
ploying the threshold limit for the dust in 
question, the ventilation for the operation 


under consideration can be calculated readi. 
ly, rather than guessing what it should be 
or following some rule of thumb. In qj 
existing shops or rooms where air contami. 
nants are present in objectionable concep. 
tration, the threshold limit of the contami. 
nants in conjunction with the current gep. 
eral ventilation rate (which can be meas. 
ured) permits calculating accurately what 
is needed in the way of fans to eliminate the 
objectionable or potentially harmful condi. 
tions. Threshold limits remove much of the 
conjecture otherwise involved in problems 
of general ventilation for purposes of dust, 
fume and gas control. 


Classification of Material for Control Purposes 
EVEN THOUGH it is desirable to consider 
each problem separately, not infrequent- 
ly it is expeditious to set down rules govern- 
ing the control of hazards created by 
operations that differ considerably in type. 
In such instances the toxicity of the process 
materials and the by-products in terms of 
their threshold limits may be grouped and 
used in conjunction with similar groupings 
of the other variable factors influencing the 
hazard, to arrive at a set of relatively few 
rules to cover the whole gamut of operations 
in question. For example, let us consider 
open-surface tank operations of all kinds, 
whether they be pickling, degreasing, alkali- 
cleaning, painting, plating or other treat- 
ment. By dividing all the materials involved 
in these operations into three groups accotd- 
ing to their threshold limits and into similar 
groups on the basis of the other governing 
factors, it was possible to classify all possi- 
ble types of open-surface tank operations 
into four classes as regards the ventilation 
rate required at the tank for adequate con- 
trol of the contaminants released.'* With- 
out threshold limits to serve as a guide it 
would have been well nigh impossible to 
develop these few rules governing so many 
different materials and operations. 
Similar codification is under considera 
tion by American Standards Association 
Committee Z-9—Exhaust Systems—for 
other groups of processes and operations 
having like industrial hygiene aspects, a, 
for example, bulk materials handling, sur 
face coating operations, mechanical cutting 
and abrading operations, and abrasive blast- 
ing operations. Without threshold limits, 
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such codification would be beset with un- 
ending research, consultation and guesswork 
of such magnitude as to make consunimation 
dubious and as to place the final result under 
serious suspicion. 


HERE is much merit in the proverb “the 

taste of the pudding is in the eating.” 
Therefore, past experience may well be ex- 
amined in the use of industrial hygiene 
standards to prevent occupational illnesses. 
In this respect, the literature is most dis- 
appointing, not because the experience has 
been unfavorable but rather because the 
literature contains few reports of first hand 
investigations into this relationship. The 
one which probably best demonstrates the 
use of threshold limits and the results 
achieved may be found in the report by Mc- 
Connell, et al., on the occupational disease\ 
experience in the government-owned ord- 
nance plants during World War II.* Since 
it was my privilege to take part in this pro- 
gram from its inception, I can speak of it 
with some feeling. 

When the United States first began am- 
munition production at an increased rate 
about 1940, very little information was 
available on the toxicity of TNT of such na- 
ture that would permit setting a threshold 
limit. TNT consumption in the U. S. in 
the period between 1918 and 1940 was es- 
sentially nil and threshold limits were not 
nearly so common as they are now. That 
TNT is toxic was not questioned, for ac- 
cording to the best information available 
about 17,000 persons in ammunition plants 
were poisoned, 475 of them fatally, during 
World War I. It was this sad experience 
coupled with the related problems of absen- 
teeism, inefficiency and manpower shortage 
that led the War Department to undertake 
jointly with the U.S. Public Health Service 
an aggressive industrial health program in 
all ammunition plants. Inasmuch as the 
most serious potential problem was TNT, 
it was decided at the outset to conjure up a 
maximum allowable concentration for this 
substance, the standard to be based on the 
little information available as to its toxicity, 
comparative physiology, and the concentra- 
tion that was known to be achievable by good 
engineering practice. This “educated guess” 
turned out to be 1.5 mg/m’, a value still in 
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common use. Reference to the report by 
McConnell, et al., shows how closely the in- 
cidence of illness from TNT paralleled the 
exposure curve. Owing to the tremendous 
scarcity of the equipment needed for engi- 
neering control of the fumes and dust, such 
as motors, fans, and sheet metal for piping 
and hoods, the weighted-average level of 1.5 
mg/m* was not reached until the latter part 
of 1944. However, the fatalities from TNT 
were held to 22 for the entire period of the 
war* and the total number of lost time cases 
was only 56 as of May 1, 1945, the end of 
the report period covered in reference 8. 
The incidence of early symptoms of TNT 
poisoning was quite high, and there is little 
doubt that the number of lost-time cases as 
well as fatalities would have been much 
higher if it had not been for the excellent 
periodic medical examination program then 
in effect in the ammunition plants, especial- 
ly in the loading plants where the exposures 
were the worst. It is interesting to note that 
the case rate of early systemic effects was 
close to 500 per 1000 man years of exposure 
for the first six months of 1943 when the 
weighted average exposure to TNT was 
about 2.7 mg/m', and about 1/5 of this rate 
for the last six months of 1944 when the ex- 
posure had been reduced to about 1.4 mg/m°. 

The control program in the ordnance 
plants during World War II would have been 
inestimably more difficult, and there is 
little doubt in my mind that the final report 
would portray a different story, a much 
sadder one, from that told by McConnell, et 
al., if there had been no standard for TNT. 
In the face of the dire shortages of equip- 
ment needed directly by the Armed Forces, 
and other equipment needed to produce the 
weapons of war, authorization to divert 
some of this material for dust control pur- 
poses would have been out of the question 
in the absence of a threshold limit to indi- 
cate how badly and where such equipment 
was needed. As in many other factors af- 
fecting our daily life, standards are the very 
foundation of industrial hygiene. Without 
them the engineer in this field is placed in 
the same position as the boy who is sent 
to the hardware store by his father to buy a 
“big” bolt. The boy would have as good a 
chance of getting a bolt of the right size as 
an engineer would have of preventing the 
vast majority of occupational illnesses and 
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complaints if there were no threshold limits. 

In conclusion a few remarks are in order 
dealing with the philosophy of and justifica- 
tion for threshold limits, and are added here 
because they serve as a reply to the criti- 
cisms often leveled at industrial hygiene 
standards. 

It is not unusual to hear that these limits 
are useless, if not even dangerous, because 
in the event that the atmospheric concen- 
tration is measured inaccurately, reliance on 
the standards creates a false sense of se- 
curity on the one hand, or needless alarm on 
the other, depending upon whether the 
measured result is in error downward or 
upward. It requires little mental gymnastics 
to realize that this is equivalent to con- 
cluding that there is no sense in asking your 
grocer for a dozen oranges simply because 
he may make a mistake in counting them. By 
definition, threshold limits are those concen- 
trations of contaminants which in the light 
of current knowledge will not cause harm 
to persons exposed continuously day in and 
day out during the normal working hours. 
Reference is to the concentration actually 
existing, not to some value that the investi- 
gator might conclude exists. Concentrations 
can -be measured accurately, but to do so re- 
quires skill, understanding, patience and 
energy. It is rather discouraging to note 
how frequently conclusions are based on 
wholly inadequate data. It is not surprising 
either that the concentrations frequently 
“measured” have ‘ttle relation to the true 
weighted average concentration. 

The philosophy of threshold limits is that 
each one represents a concentration of the 
substance in question that will have no 
demonstrable adverse effect on the health 
of exposed persons. Not all persons react the 
same to stimuli of this nature, but rather 
any given population follows approximate- 
ly an average random distribution pattern 
as regards response to atmospheric contami- 
nants. That is to say, there is an occasional 
person at one end of the curve who is un- 
affected by relatively overwhelming concen- 
trations and there is an occasional person 
at the other end who is affected by extreme- 
ly low concentrations. To prevent any ad- 
verse effect upon every last man may require 
such low concentrations as to be impractic- 
able. The threshold limit is merely a con- 
centration that intersects the random dis- 
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tribution curve at a very low point. How 
low this point is for any substance cannot be 
stated. That it is not the same for all ma. 
terials is obvious, and that it serves to 
vent harm to all but a relatively few is 
obvious, also. Serious or irreparable 

to the occasional person who falls to the left 
of the threshold limit on the random dis. 
tribution curve can be avoided by an appro- 
priate medical examination program. 
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Prepared Discussion 


ARTHUR C. STERN, Chief 
Air Pollution Community Program 
Robert A. Taft Sanitary Engineering Center 
U.S. Public Health Service 
Cincinnati, Ohio 


N AN ENDEAVOR to safeguard the health of 

the worker and the public from. exposure 
to harmful substances, two basically differ- 
ent types of standards have evolved. One 
type—the threshold limit, or maximum al- 
lowable concentration—is the performance 
type of standard. The other, about which 
little has been said by the previous speakers, 
is the engineering type of standard. 

To make the distinction between the two 
types of standards more concrete, take the 
specific example of a stave-type tumbling 
mill (Fig. 1) in a ferrous foundry. Into it 
are placed castings with sand both clinging 
to their outer surfaces and in their internal 
cavities in the form of cores. The express 
purpose of placing these castings into the 
mill is to clean them of this sand. The mill 
is, therefore, by its very nature, a device 
designed and operated to cause sand to 
leave the castings and enter the ambient air. 
While it is true that most of this sand will 
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Stave mill. 


fall to the floor under the mill, it is equally 
true that a tremendous number of free silica 
particles will become air-borne by the 
process. From the viewpoint of the perform- 
ance standard, it is necessary to keep the 
atmosphere of the cleaning room below the 
threshold limit for free silica by whatever 
means the owner of the foundry may choose 
to employ. 


Engineering Standards 


From THE VIEWPOINT of engineering stand- 
ards, the reasoning is somewhat as fol- 
lows : 

A. It is widely recognized in the foundry 
industry that stave mills are bad dust pro- 
ducers and require enclosure. 

B. The industry, by trial and error, has 
developed a satisfactory type of ventilated 
enclosure (Fig. 2) which not only keeps the 
dust out of the workroom, but also keeps the 
floor below the mill free of much of the sand 
that would otherwise accumulate there and 
have to be carted away. 

C. This type of enclosure, having been 
adopted by most of the industry, should 
therefore become the standard of the entire 
industry. 

D. An engineering standard should there- 
fore be written so specifying this enclosure 
with respect to structure and ventilation 
that any foundryman building an enclosure 
meeting these specifications will achieve 
dust control of his stave mill (Fig. 3). 


Applicability of Standards 

Lt US EXPLORE some of the arguments 
for and against each of these approaches. 

Both aim at the same objective—the safe- 

guarding of the worker. The principal ar- 
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Fig. 2. 
Stave mill enclosure. 


gument in favor of the performance stand- 
ard is that it is noboby’s business except the 
owner’s as to how he achieves control of the 
hazard, just so long as he does, in fact, suc- 
ceed in so doing. The corollary argument 
against the use of the engineering standard 
is that there is no positive guarantee that 
once the -wner has invested his money in an 
enclosure conforming to the standard speci- 
fication, the exposure of the workers in 
the cleaning room will be below threshold 
limit. 

The same logic can be used to plead the 
case for the engineering standard. The dust 
load in the cleaning room air comes from 
many sources in addition to the stave mills 
(Fig. 4). If some of these sources remain 
uncontrolled after the stave mill has been 
enclosed and ventilated according to stand- 
ard specification, it is entirely possible, even 
probable, that dust concentration in the 
room will remain above threshold despite 
entirely satisfactory dust control by the 
stave mill enclosure. Engineering standards 
thus have the inherent capacity to allow a 
step by step orderly approach toward the 
ultimate goal of achieving below-threshold 
concentrations in all parts of the plant at 
all times. 


New Construction 


ASSUME that a new foundry is being de- 
signed. To apply performance standards, 
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the foundry must first be built, placed in 
operation, and then subjected to air sam- 
pling and analysis. No reputable and well- 
informed engineer would design this new 
plant without seeking the engineering 
standards for the control of dust from the 
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Floor plan showing layout of equipment including stave mills. 
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cleaning room equipment and applying them 
to the best of his ability. In this situation, 
argument arises, not as to the need for such 
engineering standards, but rather as to 
their accuracy. Should the opening for air 
be 34%” or should it be 4”? If the standard 
says 900 cfm, and the de 
signer is firmly convinced 
that 450 cfm are sufficient, 
he should be prepared to 
back up his independence of 
judgment by later proof 
that concentrations are be- 
low threshold in the com- 
pleted workroom when the 
lower value of cfm is em- 
ployed. 

But what if the designer 
reluctantly makes the ca- 
pacity 900 cfm to conform 
to the standard? Is there 
equal necessity for the 
sponsors of the standard to 
guarantee compliance with 
the threshold limit? The 
difficulty of so doing in the 
possible presence of ¢- 
traneous sources of the con- 
taminant that have already 
been mentioned almost in- 
variably makes it impossi- 
ble for the sponsor to un- 
dertake such guarantees. 


Double Jeopardy 
\W HERE the engineering 
standard is a tool in the 
hands of an enforcement 
agency, the user of such 
standards frequently fears 
that he is placed in double 
jeopardy. He has to 
with engineering s 
with which he may dis- 
agree, and then, having em- 
ployed all such standards in 
every operation, may still 
be not in compliance with 
the performance standards. 
The wise enforcement 
agency will let it be known 
that it will not permit such 
double jeopardy to occur, 
and that any factory owner 
who adheres throughout to 
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the best engineering standards known to the 
agency will not be asked to re-do the job. _ 
What, then, is the plight of the working- 
man caught in the middle? Is he likely to 
become a pawn, forced to work in an un- 
healthful atmosphere because the sponsor- 
ing agency is unwilling to admit a mistake 
as to the effectiveness of its engineering 
standards? We are indeed fortunate that 
the quality of our engineering standards is 
so high that such cases occur infrequently. 
Where they do occur, they are almost always 
porderline cases with respect to the thresh- 
old limit and are well within the factor of 
safety built into the threshold limit itself. 


Emission Standards 
TH RELATIONSHIP between performance 
and engineering standards for in-plant 
atmospheres has its counterpart in that be- 
tween atmospheric and emission standards 
in the field of air pollution. A major dif- 
ference is that, whereas there are a large 
number of accepted threshold limits for in- 
plant atmosphere, there are almost no stand- 
ards commonly accepted for the outside 
atmosphere. 

The emission standard is very much in 
the same position as the engineering stand- 
ard for in-plant controls in that adherence 
to it by one specific stack does not guarantee 
the cleanliness of the air of the surrounding 
community. Thousands of factories have 
put in-plant engineering standards to the 
test and proven that when every source of 
contaminant release is controlled as specified 
by the applicable engineering standard, the 
result has been to maintain the factory 
atmospheric contaminant concentration be- 
low the threshdld limit. Such beautiful 
demonstrations, which are easy when the 
atmosphere in question is confined by four 
walls and a roof, become almost impossible 
to find in the open air over cities and towns. 
However, it is reasonable to believe that 
what works in a small confined space will 
also eventually work in the largest of con- 
fined spaces, that having the inevitable in- 
version ceiling as a roof and four topo- 
graphical or meteorological side walls. 


Standard for the Open Air 

lL US LOOK once again at the principal 
argument for performance standard in 

the in-plant situation, i.e., that it is no- 


1179 


body’s business but the plant owner’s as to 
how he achieves control of the hazard—so 
long as he does so. Is this doctrine equally 
applicable to the air over a city? It hardly 
seems so. No individual owner or group of 
owners could or would be willing to take the 
responsibility for the maintenance of a 
specified level of contamination of the air 
of the community in which they operate. 
They would quickly recognize the many 
factors over which they do not have the 
same measure of control that exists inside 
the factory building. For them, the emis- 
sion standard is a boon. 

Here the argument is not with the con- 
cept of the emission standard, but with its 
numerical value for a particular installa- 
tion. One of the most interesting develop- 
ments of the past decade along these lines 
has been the fact that public utility power 
plant designers have consistently specified 
equipment for fly ash control to meet emis- 
sion standards much more stringent than 
public regulatory bodies have required. In- 
dustrial foresight and conscience is in this, 
and a number of other industrial hygiene 
and air pollution control fronts, well ahead 
of public regulatory demands. 


Conclusion 


N BOTH these areas, this is the hope of the 

future. The dictum of a Massachusetts 
court of many years ago that the best plants 
in an industry may reasonably be used to 
set the standard for the entire industry 
provides the real key to future progress. 
America is blessed with real industrial 
leadership and statesmanship. Neither in- 
dustry’s leaders and statesmen nor the pub- 
lic will tolerate the accevtance of stand- 
ards which are below the best that industry 
can, by example, provide. 


Summary 


HERE are two general types of standards 

—performance type standards and engi- 
neering standards. The former specify 
threshold limits. The latter specify the per- 
formance of a particular piece of equip- 
ment. Arguments are given pro and con as 
to the relative merits of these two ap- 
proaches to the same objective—the safe- 
guarding of the worker. The engineering 
standard approach is particularly valuable 
in new construction where no equipment 
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exists at which to measure atmospheric con- 
centration before designing safeguards. The 
similarity of engineering standards for the 
in-plant situation to emission standards for 
atmospheric pollution control is noted. 


Prepared Discussion 


THEODORE C. WATERS, LL.B. 
Baltimore, Maryland 


HIS COMMENT and discussion of the ex- 

cellent paper presented by Dr. Brandt 
will be directed to the legal aspects of the 
application of threshold limits in the form 
of maximum allowable concentrations for 
the control of air contamination. 

May I identify myself as one who has 
served as counsel for industrial organiza- 
tions; and while my views may be prejudiced 
on their behalf, I feel that the industrial 
point of view is important in our discussion 
of this matter. 

It is needless to say that today industry is 
prepared and wishes to accept full responsi- 
bility for the control of potential hazards 
incident to employment. Simply stated, it 
is good business both from the financial 
standpoint and also in the promotion of 
industrial relationships for employers to 
concern themselves with the protection of 
employees from all types of industrial in- 
juries, be they accidental or resulting from 
occupational disease. The ultimate cost of 
compensation for such injuries may well ex- 
ceed the cost resulting from installation of 
effective methods for engineering and medi- 
cal control, aside from the fact that the em- 
ployer’s relation to his employees is pro- 
moted when employees know that the em- 
ployer is doing everything practical to effect 
protection. 

Question arises to the propriety and ad- 
visability of the adoption of codes of in- 
dustrial hygiene defining maximum allow- 
able concentrations of toxic materials. The 
word “code” is defined as follows: “A 
body of law established by the legislative 
authority of the state, and designed to regu- 
late completely, so far as a statute may, the 
subject to which it relates.” The adoption of 
codes having the full force and effect of law 
is unnecessary, inadvisable, and may well 


lead to unfortunate problems of administra. 
tion to which brief reference may be made, 
Under the constitutions of the 
states and the powers granted to state De 
partments of Health and state Departments 
of Labor, there exists adequate authority 
for such departments to effectively control 
any hazardous condition injurious t 
health. As a practical matter, there is no 
legal need for the adoption of codes presgerib- 
ing maximum allowable concentrations. It is 
fair to state that state Departments of 
Health and state Departments of Labor 
administering divisions of industrial. hy- 
giene have enjoyed the confidence of the 
public, including both management and 
labor, and our several state departments 
have been and are doing excellent jobs in 
the administration of their affairs. There- 
fore, the use of maximum allowable concen- 
trations should be in the nature of sery- 
ing as a guide to industry with particular 
reference to engineering standards. Indus- 
try has and will continue to seek the 
advice of proper state departments to con- 
trol hazardous conditions effectively, and 
the desired objectives will be obtained 
through education and dissemination of in- 
formation through the cooperation between 
state divisions of industrial hygiene and 
industry rather than the attempted enforee- 
ment of a given code as a matter of law. 
Dr. Brandt and Mr. Stern have discussed 
in detail the practical uses of threshold lim- 
its with the purpose of eliminating or con- 
trolling occupational hazards. With all of 
the information presently available to 
science, it is seriously to be questioned 
whether the present schedule of recom- 
mended maximum allowances of concentra- 
tions are scientifically correct. True, they 
represent the best thinking of those scien- 
tists who have studied the problem; how- 
ever, it is a fact that from day to day, indus- 
trial processes are changing, new chemical 
compounds are coming into commercial use, 
and tomorrow some new problem may be 
presented to industry and to public ad- 
ministrative agencies entirely different from 
any that may have been presented before. 
Industry welcomes technical information 
with respect to the existence of occupational 
hazards. They will continue to welcome 
technical advice as to practical methods of 
control. It must be remembered that in- 
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dustry seeks the maximum production of 
its materials at minimum cost; and if our 
competitive system is to be retained and 
business is to succeed, bureaus of industrial 
hygiene must assist in the attainment of 
this goal by the simplest and most inexpen- 
sive methods possible. 

No one would contend that it is the duty 
of the hygienist to tell the manufacturer 
how to run his business. Many industrial 
processes are so secretive and complicated 
and developed over an extended period of 
years that it is frequently impossible for an 
industry within a limited period of time to 
rearrange that production process to give 
effect to all of the methods of control that 
the hygienist would recommend. What is 
needed is cooperation between state depart- 
ments and manufacturers, not additional 
laws on our statute books that may be used 
to the prejudice of state departments as well 
as manufacturers. 

There is one other thought which is 
worthy of consideration. Assuming that 
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threshold limits of maximum allowable con- 
centrations are established by law, the ad- 
ministration of such codes may prove to be 
embarrassing to state departments charged 
with their administration and to industry 
at the instance of organized pressure groups 
of representatives of the public, labor 
unions, or possible competitors. Assuming 
the adoption of codes, it is a fact that oc- 
casional violations may occur resulting from 
breakdown in machinery or equipment. Im- 
mediately the manufacturer is placed in the 
position of having violated the law although 
such violation may be absolutely uninten- 
tional and may be readily corrected. State 
Departments of Health and Labor do not 
need to be told by any organized group as to 
what they can or should do in the adminis- 
tration of their functions. Therefore, a bet- 
ter result will be obtained if use is made of 
the information developed by our scientists 
as to permissible concentrations not be- 
cause some law requires this be done, but 
because it is simply good business to comply. 








EXCERPTS FROM CANADIAN ATOMIC ENERGY CON. 
TROL REGULATIONS AND PRESS RELEASE ON REVI. 
SIONS 

Atomic Enerey Controit Boarp 


Information for the Press For Immediate Release 
Ottawa 


New Secrion oN HEALTH AND SAFETY INCLUDED IN REGULATIONS 
Unpver THE Atomic Enercy Controt Act 


The regulations made under the Atomic Energy Control Act have 
been revised to include a new section on health and safety, the Hon- 
ourable Gordon Churchill announced today. 

The Minister emphasized that the Atomic Energy Control Board 
has always maintained a strict control over the distribution and use of 
radioactive materials in Canada. No person is permitted to obtain 
such material until the Board’s health advisers (radiation safety offi- 
cers of the Department of National Health and Welfare and, through 
them, their counterparts in provincial health departments) are satis- 
fied that he has adequate facilites to handle the material requested 
and that his proposed operations will not cause a health and safety 
hazard. Federal or provincial inspectors periodically visit users of 
such materials to ensure that their operations do not cause injury or 
damage and to check that they are complying with any special health 
and safety requirements laid down by the Control Board on the recom- 
mendation of its expert advisers. 

It has been recognized for some time, however, that there was a need 
for regulations to lay down Canadian standards as to the maximum 
dose of radiation which atomic energy workers and the public gen- 
erally should be permitted to receive and to provide means for ensur- 
ing that the operations of users of radioactive materials did not result 
in exposures above these limits. The question of making such regula- 
tions has been under discussion with provincial health authorities 
through the Dominion Council of Health for a number of years. It 
was first suggested that, since health and safety matters were neue 
dealt with Fr provincial authorities, the provinces might issue healt 
regulations in this field which would be reasonably uniform across 
Canada, but for various reasons this suggestion was not adopted. It 
was then proposed that regulations establishing such standards be 
made under the Atomic Energy Control Act, but with recognition that 
individual provinces might desire to issue additional regulations, con- 
sistent with the federal ones, to deal with special local conditions. 
When this proposal was favourably received by provincial health au- 
thorities, a drafting committee was set up to consider what should be 
included in these regulations. The draft regulations recommended 
by this committee were considered by various departments and organl- 
zations concerned and, when general agreement had been reached, they 
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were recommended to the Board by the Department of National 
Health and Welfare. 

The standards set out in this new section are those recommended by 
the International Commission on Radiological Protection. The sec- 
tion also specifies the procedures and a which the Board will 
require of users of radioactive materials to enable them to meet these 
standards. It also indicates that administration of these regulations 
will be carried out with the assistance of federal and provincial in- 
spectors. 

P The Minister noted that, though the main change in the regulations 
was the inclusion of the health and safety section, a few other changes 
had been made. These were largely minor in nature, the only im- 
portant enn being a rewording of the section dealing with the con- 
trol of the release of atomic energy information, to reflect the relaxa- 
tions which had been made in this field. 
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SOR/60-119 
ATOMIC ENERGY CONTROL ACT 
Atomic Energy Control Regulations 
P.C. 1960-348 
AT THE GOVERNMENT HOUSE AT OTTAWA 
Tuurspay, the 17th day of Marcu, 1960. 


PRESENT: 


His ExceLLENCY THE GOVERNOR GENERAL IN CoUNCIL 


His Excellency the Governor General in Council, on the recommenda- 
tion of the Chairman, Committee of the Privy Council on Scientific and 
Industrial Research, pursuant to section 9 of the Atomic Energy Control 
Act, is pleased hereby to approve the revocation of the Atomic Energy 
Control Regulations approved by Order in Council P.C. 1954-1643 of 28th 
October, 19542), and to approve the annexed Regulations made pursuant 
to the Atomic Energy Control Act. in substitution therefor. 


'‘® SOR/54-494, CANADA GAZETTE PART II, Vol. 88, No. 21, Nov. 10, 1954, p. 1504 and 
Statutory Orders and Regulations, Consolidation 1955, Vol. 1, p. 151 
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Part VI 
HEALTH AND SAFETY PRECAUTIONS 


Interpretation 


600. In this Part, unless the context otherwise requires: 


(a) “atomie energy worker” means a persor whose regular business 
or occupation requires him to produce, store, use, dispose of or 
approach quantities of radioactive prescribed substances in excess 
of the scheduled quantity; 

“health authority” means a senior officer of 

(i) the Medical or Biology and Health Physics Division of 
Atomic Energy of Canada Limited, 

(ii) the branch or division of a provincial health department which 
is concerned with radiation protection, or 

(iii) the Radiation Protection Division of the Department of 
National Health and Welfare, 

as appropriate, depending on the location of a particular dealing; 

“imspection officer” means any officer of a department or agency 

of the government of Canada or of a province authorized by the 

Board to act as an inspection officer hereunder; 

“ionizing radiation” means any atomic or sub-atomic particle or 

electromagnetic wave emitted or produced directly or indirectly 

by a radioactive prescribed substance and having sufficient energy 

to produce ionization in an absorber; 

“microcurie” means that quantity of a radioactive preseribed sub- 

stance that is disintegrating at the rate of thirty-seven thousand 

disintegrations per second; 
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(f) “rem” means in relation to the body or any organ of the body, 
the dose of any ionizing radiation that has the same biological 
effectiveness as a dose of 200-250 thousand volt x-rays whoge 
energy is absorbed by the body or such organ in the amount of 
one hundred ergs per gram; and 
“scheduled quantity” means in relation to an isotope the quantity 
set out in respect thereof in Appendix A; and in relation to two 
or more isotopes the total quantity thereof computed as provided 
in Appendix A. 


Requirements for Atomic Energy Workers 


601. (1) No person shall employ as an atomic energy worker any 
person 
(a) who is under 18 years of age, 
(6) who is known to be pregnant, or 
(c) whose health is such that, in the opinion of the health authority, 
employment as an atomic energy worker would be undesirable. 


_ (2) Every person dealing in quantities of radioactive prescribed sub- 
stances in excess of the scheduled quantity shall arrange for every atomic 
energy worker employed by him or under his control to be given medical 
examinations of such a nature and at such intervals as the Board may 
require on the advice of the health authority. 


(3) A person dealing in quantities of radioactive prescribed substances 
in excess of the scheduled quantity shall remove from atomic energy work 
any atomic energy worker employed by him or under his control if s0 
required by the Board on the advice of the health authority. 


Permissible Exposure 


602. (1) No person shall deal in radioactive prescribed substances in 
such a way as to expose any atomic energy worker to ionizing radiation in 
excess of the maximum permissible dose specified in Appendix B. 


(2) No person shall deal in radioactive prescribed substances in such 
&@ way as to expose any person other than an atomic energy worker to 
ionizing radiation in excess of 1/10th of the maximum permissible dose 
specified in Appendix B. 


(3) Subsections (1) and (2) do not apply in relation to exposure to 
ionizing radiation 
(a) received by a patient in the course of the use of radioactive pre- 
scribed substances by a qualified medical practitioner for medical 
diagnosis, medical research or medical treatment, or 
(b) received by a person during emergency procedures undertaken 
to avert grave danger to life. 


Protective Procedures 


603. (1) No person shall use radioactive prescribed substances 
obtained under an order for purposes or at places other than those speti- 
fied in the order without further authorization from the Board. 
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(2) Except in the circumstances referred to in subsection (3) of sec- 
tion 602, every person dealing in radioactive prescribed substances shall 
follow procedures and techniques in the production, storage, use and dis- 
posal of such substances adequate 
(a) to prevent any atomic energy worker being exposed to ionizing 
radiation in excess of the maximum permissible dose specified in 
Appendix B, and 

(b) to prevent any person other than an atomic energy worker being 
exposed to ionizing radiation in excess of 1/10th of the maximum 
permissible dose specified in Appendix B. 


(3) Every person dealing in quantities of radioactive prescribed sub- 
stances in excess of the scheduled quantity shall follow 
(a) all applicable general or specific procedures laid down by or 
approved by the Board for the production, storage, use or disposal 
of such materials, and 
(b) all applicable special instructions issued by an inspection officer 
in connection with a particular dealing or series of dealings. 


Protective Instruments and Equipment 


604 (1) Every person dealing in quantities of radioactive prescribed 
substances in excess of the scheduled quantity shall provide such serviceable 
and suitable radiation detection and measuring instruments as the Board 
may require and shall cause such instruments to be available to and used 
by atomic energy workers employed by him or under his control. 


(2) Without limiting the generality of subsection (1), every person 
dealing in quantities of radioactive prescribed substances in excess of the 
scheduled quantity shall provide for and cause to be used by every atomic 
energy worker and other person in his employ or under his control who may 
or is likely to receive a whole body dose of ionizing radiation at a rate in 
excess of 1.5 rem per year, monitoring films or other devices as approved 
by the Board for recording cumulative exposure to ionizing radiation. 


Warning Labels and Signs 


605. (1) Each container in which is stored or in which is used a quan- 
tity of any radioactive prescribed substance in excess of the scheduled 
quantity shall bear a durable, clearly visible label bearing a radiation 
warning symbol approved by the Board, and words such as “CAUTION— 
RADIOACTIVE MATERIAL” together with information as to the nature, 


form, quantity and date of measurement of the radioactive material con- 
tained therein. 


(2) Subsection (1) does not apply to 


(a) a laboratory or factory container in which radioactive prescribed 
substances may be stored or used temporarily under the control 
and in the presence of an atomic energy worker, or 
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a shipping container for radioactive prescribed substances labelled 
in accordance with the Regulations of the Board of Transport 
Commissioners, or other body having jurisdiction over conditions 
of transportation, unless such shipping container is also the con- 
tainer in which the material is stored or used. 











(3) Each area, room or enclosure in which 








(a) radioactive prescribed substances are stored or used in quantities 
having activity in excess of one hundred times the scheduled 
quantity, or 











(b) the dose which might be received by a person in normally acces- 
sible places is in exeess of 0.0025 rem in an hour 

shall be clearly marked with durable signs bearing a radiation wam- 

ing symbol approved by the Board together with words such as “CAU- 

TION—RADIATION HAZARD” and an indication of the radiation 

level in the area, room or enclosure. 


















Records and Reports 





606. (1) Every person dealing in quantities of radioactive prescribed 
substances in excess of the scheduled quantity shall, in addition to any 
records required by section 300, keep adequate records to show 

(a) the quantities of radioactive prescribed substances produced or 

obtained by him and the orders under which they were produced 
or obtained, 


(6) the disposition of radioactive prescribed substances produced or 
obtained by him, and 


(c) the amount of exposure to ionizing radiation, as reeorded by 
monitoring films or other devices, to which each atomic energy 
worker employed by him or under his control is subjected in the 
course of dealings with such radioactive prescribed substances, 

and shall make such records available at all reasonable times to an 
inspection officer and to the health authority and shall not dispose of or 
destroy such records until authorized by the Board so to do. 





















































(2) Every person dealing in quantities of radioactive prescribed sub- 
stances in excess of the scheduled quantity shall arrange for the health 
authority to receive or have access to reports of the medical examinations 


required under subsection (2) of section 601 of all atomic energy workers 
employed by him or under his control. 










(3) A person dealing in radioactive prescribed substances shall, in the 
event of 
(a) any loss or theft of a quantity. of radioactive prescribed substance 
in excess of ten times the scheduled quantity, or 
(b) any incident leading to the exposure or suspected exposure of any 
person to ionizing radiation in excess of five rem, 
report the loss, theft or incident within twenty-four hours to the appropri- 
ate inspection officer and health authority and shall as soon as possible 
thereafter send a complete report thereon to the Board. 
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Appendix A 


SCHEDULED QUANTITIES OF RADIOACTIVE PRESCRIBED SUBSTANCES 


[—Single Isotopes Microcuries 


Actinium-227 

Antimony-124 

Arsenic-73 

Arsenic-74 

Barium-140 + Lanthanum-140 
Bromine-82 

Calecium-45 

Carbon-14 

Cerium-144 + Promethium-144 
Cesium-134 

Cesium-137 

Chlorine-36 

Chromium-51 

Cobalt-58 

Cobalt-60 

Copper-64 

yermanium-68 + Gallium-68 
Gold-198 

Hydrogen-3 

Iodine-131 

lodine-132 

Iridium-192 

Tron-55 

Tron-59 

Krypton-85 

Ree See -1- SEOGUNE ED . << deen Gaede Cbd ken oe 
Manganese-54 

Manganese-56 

Nickel-63 

Phosphorus-32 

Plutonium-239 

Polonium-210 

Potassium-42 

Radium-226 

Sodium-22 

Sodium-24 

Strontium-89 

Strontium-90 + Yttrium-90 
Sulphur-35 





1190 RADIATION PROTECTION CRITERIA AND STANDARDS 


I—Single Isotopes—cone. Microcuries 
Technetium-99 10 
Thallium-204 10 
Thorium (natural) 100 
Uranium (natural) 500 
Uranium-233 0.1 
Uranium-235 

Zinc-65 

Other isotopes of elements of atomic number greater than 92 0.1 


Other isotopes not listed above (except as otherwise speci- 
fied by the Board) 


II—Two or More Isotopes 


The scheduled quantity shall be determined by the equation 
Aj As A; 
somal _ atnals + iit 
M, M:. Ms 


where A,, Ao, Ag ete. are the quantities of the isotopes involved and 
M;, Mo, Ms, ete. are the scheduled quantities of such isotopes. 


Appendix B 


MAXIMUM PERMISSIBLE Dose or IONIZING RADIATION 


For whole body, blood-forming organs, gonads and eyes 

(a) in any period of 13 consecutive weeks — 3.0 rem; 

(b) in any period of 52 consecutive weeks — 5.0 rem; 
(except that up to 12 rem may be permitted in this period if in the 
opinion of the Board on the advice of the health authority the 


average dose received from age 18 up to and -including this period 
does not exceed 5.0 rem per year). 


For skin of the whole body 
(a) in any period of 13 consecutive weeks — 8 rem; 
(b) in any period of 52 consecutive weeks — 30 rem. 


For hands and forearms, feet and ankles 
(a) in any period of 13 consecutive weeks — 20 rem; 
(6b) in any period of 52 consecutive weeks — 75 rem. 


In determining dose, the contribution from radioactive preseribed 
substances both inside and outside the body shall be included. 





EXCERPTS FROM 
THE 
BIOLOGICAL EFFECTS OF 
ATOMIC RADIATION 


SUMMARY REPORTS 
From a Study by the 


NATIONAL ACADEMY OF SCIENCES 


NATIONAL ACADEMY OF SCIENCES— NATIONAL RESEARCH COUNCIL 
Washington 
1960 
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REPORT OF THE 


COMMITTEE ON GENETIC EFFECTS 
(Pages 3-14) 
I. Our Present Position 


DuRInG the period elapsed since the 1956 report of this Committee there have been a number 
of significant developments in genetics and radiobiology. New insight has been gained into the 
nature of the genetic material, the characteristics of the mutation process, the manner in which 
genes control the processes of development, and the ways in which all of these are affected by 
various kinds of radiation. Yet, in some respects, the estimation of human radiation 
hazards is more difficult than it appeared to be in 1956. For one thing, the assumed 
constancy of the total genetic effect irrespective of dose rate, for which there seemed to be 
good evidence at that time, has turned out not to apply to spermatogonia and oocytes, which 
are the most important cell stages as far as human hazards are concerned. 

Among the reported new findings that have a bearing on the assessment of the genetic 
effects of radiation and that have been considered by the Committee are the following: 

1. In mice, fewer mutations are produced in spermatogonia and oocytes by chronic 
irradiation (i.e., a low dose rate) than by the same amount of acute irradiation (i.e., a high 
dose rate) when the total dose is the same. However, the data are not yet sufficient to establish 
the precise quantitative relations between dose and effect at low doses for either acute or for 
chronic irradiation. A similar dose-rate effect has been reported for sex-linked lethals induced 
in oogonia of Drosophila. 

2. At the time of the previous report there was little information on the results of irradia- 
tion of female mice. Data now available indicate that late oocytes are not widely different 
from spermatogonia in their sensitivity to induction of mutations by acute irradiation. If any- 
thing, they suggest greater sensitivity. 

3. There is some shortening of life in the progeny of irradiated male mice, as well as in 
the irradiated mice themselves. 

4. Studies of human cells grown in tissue culture have shown that doses as low as 251 
will cause detectable chromosome breakage in a significant proportion of the cells. 

5. Additional studies on children of survivors of the atomic bombings at Hiroshima and 
Nagasaki, and on children elsewhere whose parents received radiation for medical or other 
reasons, suggest that the sex-ratio in these children has been slightly but significantly altered 
as a result of radiation-induced mutations affecting prenatal viability. The fact that the sex- 
ratio may be influenced by many factors indicates the need for conservatism in interpreting 
this finding. 

In view of the recent increase in fallout, which to a large extent comes from the 1958 
tests and which of course will be reduced gradually if atmospheric tests are not resumed, and 
of the fact that the contribution of carbon-14 was not considered in the earlier report, est- 
mates of the amounts of radiation from fallout are increased. On the other hand, the fact that 
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the earlier estimates of genetic damage from fallout were based on data from acute rather than 
chronic irradiation means that the effect of a given amount of fallout, or other radiation de- 
livered at a low rate, may be less than was previously estimated. It should be emphasized that 
estimates of human hazards continue to be based largely on data from mice. 

Because of the finding that genetic effects per unit of radiation dose received at a low dose 
rate might be less than previously estimated, the Committee has reconsidered its earlier recom- 
mendation. It is presumably safe to conclude that the estimates of the genetic effects of fallout 
radiation and of other radiation at similar low intensities should now be based on mutation 
rates at least as low as those found with chronic irradiation of mice. However, most of the 
man-made radiation to which the population of the United States is exposed involves dose 
rates not yet adequately investigated experimentally. For example, we do not know whether 
the effects of low doses given at high dose rates, as in medical exposures, will be more like 
the response from acute irradiation or more like that from chronic irradiation. In the future 
it may be desirable to relate maximum permissible exposures to dose rate ai well as to total 
dose. But before this can be done, more information is needed at additional radiation in- 
tensities and for fractionated exposures. In the absence of such information, the Committee 
continues to recommend that for the general population the average gonadal dose accu- 
mulated during the first thirty years of life should not exceed 10 r of man-made radiation, and 
should be kept as far below this as is practicable. This is in essential agreement with the most 
recent suggestion of the International Commission on Radiological Protection. 

The medical and dental professions are commended for their continuing efforts to reduce 
diagnostic and therapeutic radiation exposures to the lowest levels consistent with sound 
medical and dental practice. At the same time it is urged that further steps be taken to im- 
prove medical records, including those of radiation exposures, in ways that will make them 
more useful than they now are for investigations of the genetic and other effects of radiation, 
as well as for studies of human genetics in general. 

The new findings have not changed the evaluations presented in 1956. These new de- 


velopments do, however, emphasize the unique responsibility of geneticists to so stimulate and 
guide research that the urgently needed technical information is obtained as effectively and as 
promptly as possible. 


Il. Responsibilities Of Geneticists 


The dramatic exploitation of nuclear energy for military and peacetime purposes has 
made informed persons acutely aware that man-made ionizing radiation, whatever its source, 
is now an important addition to a constantly changing list of hazards to human existence and 
well-being. Exposures from medical uses in technologically advanced nations are now about 
equal to background and need to be taken into account to a corresponding degree. 

Insofar as the uses of nuclear energy add radioactive contaminants to the general en- 
vironment of man, and especially to the atmosphere, important moral issues arise even though 
the magnitude of the radiation to the germ line is now small relative to natural background 
levels. These new uses make possible, for the first time in human history, the inescapable 
exposure of world populations, in some instances without consent, to additional radiation un- 
detectable by the unaided human senses and capable of producing deleterious changes in the 
hereditary material. 
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Although it is not the special province of natural science by itself to say how these issijes 
should be resolved, it is surely a grave and urgent responsibility of geneticists to make the best 
possible estimates of the magnitude of the genetic effects of small increments of ionizing radia. 
tion and to take action in adding to and improving the store of knowledge on which such 
estimates are based. Only in this way can the needed quantitative refinements be made in the 
rather crude estimates that have already been made. 

The present state of knowledge, on which are based estimates of the genetic hazards of 
increased irradiation of man, has been summarized in reports of the British Medical Research 
Council's Committee on the Hazards to Man of Nuclear and Allied Radiations; by the World 
Health Organization’s Committee on Effects of Radiation on Human Heredity; by this Com- 
mittee; by other organizations and individuals; and especially by the recently published and 
extensively documented report of the United Nations Scientific Committee on the Effects of 
Atomic Radiation, a report prepared and approved by scientific representatives of all member 
nations. Reference is also made to the latest report of the International Commission on 
Radiological Protection, in which the problem of allowable genetic exposure of large popula- 
tions to radiation is treated in some detail. It is recognized by all that present knowledge is 
not adequate to assess with any reasonable reliability the genetic consequences of specified 
levels of exposure. 

The urgency of the practical problems of reactor design, disposal of radioactive wastes, 
testing of nuclear weapons, X-ray equipment design and manner of use, etc., has, however, 
made it essential that there be recommended some upper limit of exposure of large populations 
to radiation above normal background. Recognizing that from a genetic point of view there 
appears to be no threshold level of exposure below which genetic damage does not occur, this 
Committee has suggested—mainly on practical considerations—that the average population 
exposure to man-made ionizing radiation, including medical radiation, be no more than 10 
roentgens to the gonads per reproductive cycle—preferably it should be less. The British 
Committee has made an essentially similar recommendation. 

It is well appreciated that it will be some time and will require much work before this 
recommendation can be more adequately supported and perhaps modified. We urge that the 
required work be pursued as rapidly as possible. We further urge that, in the meantime, 
action in reducing all exposure of persons to the lowest practicable levels not be deferred, for 
it is unlikely that we shall have all the necessary information in the near future. In the ab- 
sence of such information, there is much to be said for erring on the side of caution, consider- 
ing that the genetic consequences of any increased exposure to mutagenic radiation will con- 
tinue to be expressed in some degree for many generations to come. 

It should be pointed out that if significant refinements in estimates of present and antici- 
pated genetic hazards are to be made, corresponding refinements must be made in our knowl- 
edge of radiation exposures. As radiologists well recognize, we need much better information 
than we now have on gonadal exposures from various types of medically used radiations. This 
applies also to occupational exposures, especially to internal emitters. Background and fall 
out measurements need improvement and re-evaluation in the light of present and future 
activities involving radiation. Additional information is needed on the magnitude, distribu- 
tion, and action of background, fallout, and other radiation to which man is exposed. This is 
especially urgent for those radionuclides, such as iodine, strontium, and radium, that ac- 
cumulate or are concentrated in various parts of the body. While these are not studies in 
which geneticists would normally take an active part, they are nevertheless necessary in order 
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to provide an essential part of the information needed by geneticists for the estimates they are 
expected to make. 

A large and important area in which progress is being made at present and in which much 
more can be done in the immediate future is that of reducing human exposure to man-con- 
trolled radiation, including that from diagnostic and therapeutic medical radiation; that from 
industrial and other peacetime uses of nuclear energy; and that arising from development, 
testing, and use of nuclear devices. Although a consideration of how further reductions in 
exposure to radiation from such sources can most effectively and quickly be brought algout lies 
largely outside the competence and assignment of this Committee, we nevertheless regard it as 
desirable and proper to urge that those who possess the requisite knowledge, persuasiveness, 
and authority continue to take all reasonable steps in bringing about such reduction as 
rapidly as possible and to the lowest practicable levels. 

In this connection, it is noteworthy that the International Commission on Radiological 
Protection, in its latest report, has suggested a three-fold reduction of the maximum permis- 
sible gonad doses for occupational exposure. It has also recommended a maximum permis- 
sible genetic dose for the population in line with this Committee’s recommendation of 1956, 
but in greater detail to provide additional safeguards. Also, the American College of Radiol- 
ogy has initiated an educational campaign to reduce the gonadal doses received by patients 
from diagnostic and therapeutic procedures. 

It is the purpose of the present report to supplement the earlier report of this Committee 
in two ways: (1) by indicating some of the specific areas in which additional knowledge 
appears to us to be necessary for the desired refinements in estimates of probable genetic 
damage from radiation, and (2) by suggesting ways in which attainment of this knowledge 
can be expedited. 

In indicating specific areas in which further research is needed, Committee members 
hope that the development of novel and more imaginative approaches will not be discouraged. 
We are well aware that some of the most important discoveries in the future will almost surely 
come from unexpected directions instead of from areas of research that can now be seen 
clearly. Nevertheless, since there are obvious gaps in our present knowledge that can be filled 
by application of existing or readily foreseeable methods, we have prepared this account of the 
major areas of needed investigation as seen from our present viewpoint. 


Ill. What We Need To Know 


The essential problems are: What are the characteristics and magnitude of the genetic 
effects of ionizing radiation on man, how important are these effects, and how can they be 
avoided or mitigated? 

In order to characterize and better define present estimates of the magnitude of radiation- 
induced effects, further information will also be needed about the occurrence of spontaneous 
mutations and those caused by agents other than radiation. In order to assess radiation effects 
with more accuracy, we need to know more about the breeding structure of human popula- 
tions, the detailed working of selection in them, and the effects of modern hygiene and thera- 
peutic procedures. It will be necessary to answer many related questions about the somatic 
effects on man of radiation and other agents. We must learn more about the genetics of or- 
ganisms other than man and about the effects of radiation on them. This is so because in 
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many but not all respects—witness recent studies on human hemoglobin—basic genetics cap 
best be studied in such organisms. It is inevitable that some of the most important conclusions 
that are applied to man will have to be derived in the first place from our basic knowledge of 
the effects of radiation on other organisms. 

To determine the amount of exposure of human populations to radiation, further studies 
are needed of the dosages received by various parts of the body—especially the gonads— 
from such sources as medical, industrial, research, and military uses of radiation, whether 
these be external or internal to the body. It is also necessary to know the physical character. 
istics and the distribution in the body of the various types of radiation. And, although itis 
not for this Committee to say how we might best attain it, we need further knowledge of the 
ways in which dosages may be reduced without sacrificing important economic gains and the 
advantages derived from the proper use of medical radiations in diagnosis and therapy. 

To determine the consequences of radiation exposure for present and future generations, 
information at many levels is needed. Investigations designed to obtain such information may 
be classified under two general headings, though many individual projects may come under 
both, or fall between. 

1. Investigations needed for early improvement in estimates of radiation exposures from 
given practices and their consequences. These are obviously necessary as a basis for wise 
policy decisions. 

2. Studies designed to extend our fundamental knowledge of mutation and mutant ef- 
fects, and to indicate ways in which this knowledge can be used in arriving at improved 
estimates of radiation damage to be expected from given levels of radiation. 

For the first group of projects there is obvious need for a more nearly adequate defini- 
tion of the social burden due to genetic damage. This requires estimates of the amount of 
harm done by various human abnormalities and the determination of the extent to which 
these are genetic in origin. The latter can be estimated by pedigree analysis, by studies of 
twins and foster children, and by studies of children of consanguineous marriages. 

Estimates of the extent to which radiation-induced mutation adds to the social burden 
can be obtained in various ways, among them: further analysis of the descendants of human 
groups who have for one reason or another been exposed to doses of ionizing radiation much 
higher than average, and comparison with appropriately chosen controls; studies of mutation 
rates at specific loci and total rates for broad classes of mutations (e.g., lethals) in mammals 
of various lengths of life cycle; and studies of fecundity, growth, sex ratio, development, mor- 
tality, and behavior in the descendants of mammals exposed to ionizing radiation. Such 
studies should compare chronic and acute radiation dosages, they should include radiation 
given over a single generation and over successive generations, and they should estimate the 
effects of differing levels of inbreeding in the exposed population. 

Work has already been done in these areas and some is being extended. For example, 
the World Health Organization has a special committee at work on the problem of investigat- 
ing human populations exposed to higher than average levels of ionizing radiation. 

Studies of these kinds, taken together with conventional genetic assumptions and exist- 
ing information from experimental studies, will permit improved assessments of the genetic 
risk for different radiation exposures. These, of course, may have to be revised periodically 
as more knowledge becomes available. 

Investigations of the second type of project, necessarily more long-range in nature and 
aimed at extension of fundamental knowledge and at possible factors mitigating against radia- 
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tion damage, are discussed with some overlapping under three headings: (1) mutation, 
(2) phenotypic effects of mutant genes, and (3) the behavior of genes in populations. 


1. Mutation 


We need to know the rates of spontaneous occurrence of mutation in specified categories 
and how these are influenced by radiation. To a considerable degree, information concerning 
these rates—especially the induced ones—will have to be deduced from what is known of 
organisms other than man. Such a process of extrapolation is not wholly satisfactory; the 
errors in so doing will be minimized if we have at least one mammal for comparison. We 
feel that experiments now under way with mice to determine mutation rates for specific loci 
as well as over-all rates for certain categories of mutations should be continued and expanded 
as rapidly as is feasible. The results will, however, give us more confidence if they are comple- 
mented with comparative data from a wide variety of organisms, including other mammals, 
since there is already evidence that different species may differ widely in spontaneous muta- 
tion frequencies and that individuals within one species likewise differ. The genetic control 
of such differences in mutation rate is itself in need of further study. 

Most of the questions concerning radiation-induced mutations also need to be answered 
for mutations induced by other agents—abnormally high temperatures, ultra-violet light, 
various chemicals, etc. Although it seems reasonable to suppose that the germ cells of man 
are well protected from extraneous chemical substances to which large numbers of persons 
are exposed through ingestion, inhalation, or otherwise, it is nevertheless conceivable that 
some such substances as industrial and automobile fumes, foods and food additives, tobacco, 
drugs, antibiotics, hormones, cosmetics, contraceptives, and agents of chemical warfare may 
be important as possible sources of genetic damage to man. Chemical mutagens and anti- 
mutagens come within the special interests assigned to this Committee, since what is learned 
from their study may contribute materially to knowledge of the basic mutation process and 
the effects of ionizing radiations. This is especially emphasized by recent studies indicating 
that radiation-induced mutations may arise indirectly by way of intermediate chemical modi- 
fications of the cellular environment. It is also important to determine whether all these vari- 
ous agents produce similar spectra of mutations and especially the extent to which radiation- 
induced mutations are like “spontaneous” ones in the severity of their effects on the organism. 

The degree to which mammalian germ cells in vivo may be protected from chemicals 
known to be mutagenic to microorganisms, to mammalian cells in culture, or to invertebrates 
in which the cells can be directly exposed, should be investigated in an experimental mammal 
such as the mouse. 

Whatever organisms are used, the direct studies on mutation will need to take into 
account and elucidate the effect of such factors as age, sex, and physiological condition of 
the treated organism; cell type, stage of mitotic or meiotic cycle and the condition of the 
chromosomes; the exact type of mutant effect scored, especially how many different genes 
are concerned, and how sensitive the selected index is; the degree to which the technique is 
Objective and free from personal bias; and the extent to which strain differences affect the 
results through the action of mutator or antimutator genes, or otherwise. 

There are several different methods of study that lead to estimates of mutation rates for 
single loci, for all loci having a particular effect (e.g., lethals), for loci lying in a particular 
chromosome or chromosome region, or for the total effect per treated gamete. All are useful. 
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If it can be satisfactorily determined directly, the whole-gamete effect is the measure mogt 
immediately applicable for our purposes. The rates for specific loci are useful in indi 
absolute rates for both spontaneous and induced mutations. But their greatest value appear 
to be in direct comparisons of mutation rates; for example, in comparisons of acute and 
chronic radiation. Since there is evidence that different loci vary in their frequency of both 
spontaneous and induced mutations, and not always in parallel, it is important to learn mor 
about the extent and nature of such inter-locus variability. It is important not only to invest. 
gate point mutations at special loci but also structural changes of chromosomes of various 
types in relation to cell type, stage of life cycle, and nature of radiation or other mutagenic 
agent. 

There are clear indications that in the spermatogonia and oocytes of mice, chronic 
irradiation is less effective in producing mutations than is the same total dose of acute radia. 
tion. This difference does not appear to hold for mature spermatozoa. However, it should 
be remembered that spermatogonia and oocytes are the cells that are most important in 
human genetic hazards. Clearly it is important to learn more about such phenomena, for 
they obviously bear directly on the problem of estimating the genetic hazards to man that 
result from increased radiation exposure. Differences in effectiveness of chronic and acute 
radiation make it important to re-examine the question of exact relation between induced 
mutation values and radiation exposure, 

Although available evidence indicates that at relatively low radiation levels there is 
little selective survival of unaffected mouse spermatogonial cells as compared with those 
carrying mutations, differential multiplication of somatic cells may occur at radiation levels 
high enough to produce appreciable numbers of gross chromosomal aberrations. Additional 
and more refined measurements are clearly needed before it can be said under precisely what 
conditions such selection occurs, and, when it does, what its genetic significance will be. 

More information is needed about the relationship between the mutation rates, spon- 
taneous and induced, and the length of the life cycle. 

What kinds of organisms should be studied? For a long time to come, many of the 
investigations can be carried out most effectively on experimental organisms such as bacteria, 
molds, Drosophila, and mice. However, there are important points at which human statistical 
data must provide key evidence, as for instance on the mutation rates of given genes and the 
behavior of mutant genes in human population genetics. 

Additional work is also needed on the investigation of antimutagenic agents. There are 
already clear indications that such agents do exist and that they can be effective either before, 
during, or after exposure to radiation. We need to know much more about the action of these 
substances. For example, do they influence nonradiation-induced mutation? Since such 
agents are obviously of both theoretical and practical significance, it is important that their 
further study be expedited. 

One of the difficulties in the study of the genetics of man is the small number of indi 
viduals available in any given pedigree. One possible way of avoiding this difficulty is through 
the study of somatic mutations, where one can hope to deal with large populations of cells. 
Here may be included studies on cell systems in the body (such as blood cells), cell cultures, 
tissue cultures, and tumors. Human, other primate, and other mammalian tissue and organ 
cultures are especially valuable in this connection. It has already been demonstrated that 
chromosome breakage in varieties of human cells growing and dividing in tissue culture can 
be related quantitatively to dosage. What we now need is comparative rates of radiation dam- 
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© most age for many types of cells, and at different stages of the division cycle. Comparative rates 
cating of chromosome damage in vitro should be compared with those of cells in vivo. Interspecific 
(pears comparisons, especially between man and mouse, will provide a better basis for extrapolating 
te and the genetic knowledge of mutation rates obtained in mouse studies to the human species. 
of both Comparative studies on identical or homologous tissues from males and females should be 
n more made in order to determine whether sex differences in response to dosage exist in human beings 
investi- as they appear to in other species. If means of studying the mutation rates of specific human 
various loci in suitable tissue culture cells can be worked out, it may be possible to apply methods of 
tagenic microbial genetics to the analysis of mutation rates in human tissue cells. Finally, if the 
successful methods of culture of human testicular and ovarian tissues already achieved can 
chronic be utilized for the study of radiation damage to the genetic material, it is possible that a 
> Tadia- direct application of the knowledge derived from somatic and interspecific studies can be 
should made to the problem of mutation in the human germ cells, at least in the oogonial and 
tant in spermatogonial stages. 
na, for It is possible, and thought to be likely by many geneticists, that some malignant neo- 
an that plasms may owe their origin to somatic mutations. For this reason we feel that the application 
d acute of genetic methods to the study of malignant neoplasms is one of the important aspects of 
induced the study of mutagenic effects of radiation. 

‘ In this connection particularly, we emphasize that present knowledge is all too limited 
there is as to the effects of low levels of radiation in inducing malignant neoplasms. We cannot say 
h those with any assurance whether the dose-response curve for induction of malignant diseases is 
n levels linear or non-linear at low levels. Regardless of whether some or all such diseases arise 
ditional through somatic mutation, it is urgent that more information be obtained on this point, for 
ly what it is just at these low levels of exposure that the practical questions of human hazards have 
e. now become important. We believe that studies of this kind on experimental mammals 
3, Spon- should be extended and expanded, even though they are difficult. These must be done on a 

large scale and should include effects of accumulated internal emitters of several kinds, es- 
y Of the pecially the radiostrontium isotopes. Perhaps mice and rats are the most suitable organisms 
racteria, for this purpose because of their small size and the availability of many relatively homozygous 
tistical lines. In the latter connection, it is suggested that lines with low incidences of malignant 
and the disease be included; for in lines in which the control incidences are high, small increases due 

to low levels of added radiation will be especially difficult to detect. In attempts to argue from 
here are experimental animals to man with respect to radiation-induced malignant neoplasms, it may 
t before, well be important also to investigate experimental mammals with life cycles much longer 
of these than those of the otherwise favored small rodents. 
ce such In all respects—incidence of malignant changes, incidence of traits known to be ge- 
hat their netically differentiated, as well as developmental abnormalities that are less clear genetically— 

it would seem that emphasis should be given to investigations of human populations known to 
of indi- be or to have been in previous generations exposed to radiations at levels that can be esti- 
through mated. These should include such studies as are now being made on survivors of A-bomb 
of cells. exposure at Hiroshima and Nagasaki, populations living or working in areas of much higher 
cultures, than average background level, industrial workers exposed to radiation, radiologists, X-ray 
id organ technicians, and persons given medical radiation for diagnosis or therapy. Obviously such 
ated that investigations must extend over more than one generation. Difficult and unsatisfactory as 


this approach is—and is likely to remain, it should be pursued with great vigor, for it is to 
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be hoped that human material so exposed in the future will be less prevalent than it now is, 
There should therefore be no delay. 

In addition to making effective use of all currently available methods and techniques 
for the study of human genetics, investigators should be given constant encouragement in 
searching for new approaches. It is conceivable, for example, that entirely new methods of 
directly investigating human chromosomes can be found. It would be of great value to have 
biological means of estimating accumulated radiation exposure in man. This might be pos. 
sible by some method of quantitatively determining accumulated chromosome breaks, Im- 
proved methods of measuring physiological age would be most useful in investigating the 
relation of induced mutations, including chromosomal breaks and rearrangements, to the 
aging process. 


2. Phenotypic Effects 


It is obvious that mutations are of importance to human populations because they lead 
to significant variations in developing individuals. The extent of damage due to unfavorable 
mutant genes will depend on two factors: their frequency in the population and the harm they 
do to individuals. 

In both respects, there are serious difficulties in making estimates. In the latter regard, 
it is misleading in some connections to attempt it in numerical terms. How, for example, does 
one measure quantitatively the relative importance of a still-birth, a feeble-minded child, and 
a death during adolescence? One may rate such things in the order of their significance either 
for society or for the families of the affected individuals, but cl-arly no simple numerical 
formulation can describe the relative human values. (The following contribution by Sewall 
Wright presents one suggestion as to how problems of this kind might be approached.) 

While an over-all figure must in this sense be inadequate, it is still possible and desirable 
to get estimates on the relative frequencies of different types of inutant abnormalities, 
expressed in rather broad categories (e.g., early or late embryonic deaths, infant deaths, 
mental defects, sterility, etc.). Much genetic damage is of course not observed by the usual 
direct methods. As pointed out in the United Nations report referred to earlier, it is probable 
that the magnitude of this fraction of undetected genetic damage in man can be estimated 
through careful comparison of the children of cousin marriages with those of parents les 
closely related. Until reliable data of these kinds become available for man, estimates wil 
have to be based in part on information from other organisms. 

There are certain general properties of mutant genes that are in need of more study. 
Our 1956 report emphasized that many radiation-induced mutants would exert their chief 
effects through small dominant effects. This question of the degree of dominance, and its 
variation among loci, needs additional study because, among other reasons, of its bearing 
on the number of generations in which mutations will persist in populations. 

Although the magnitudes of the selective disadvantages of heterozygotes for mutant 
genes usually called recessive may be small and therefore difficult to detect, they may never 
theless be of such overriding importance in the elimination of deleterious genes as to desert 
especially thorough investigation. And for the same reasons it is essential to know the fie 
quency and importance of loci for which there are selective advantages of heterozygotes— 
that is, “over-dominance.” Several instances are now known in man in which it has becom 5 
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very likely that there are such selective advantages of heterozygotes for deleterious mutants 
over their “normal” homozygous counterparts. Incomplete dominance and overdominance 
should be studied for mutant genes produced in a variety of ways—by “natural” mutation, 
by artificially applied radiation, and by treatment with other mutagenic agents. 

Some mutant genes produce large effects that are easily identified; many more produce 
‘smaller effects that are often difficult to analyze. We need more information on the frequency 
and properties of this latter type. It may be hoped that new methods of study applicable to 
man will be developed; but it is also desirable that the rather laborious (and sometimes dis- 
couragingly inconclusive) methods now available be further exploited, and that all methods 
be applied as widely and as rapidly as possible. 

Mutant genes also differ in the type of character involved, and the techniques necessary 
for their study are correspondingly varied. Some of the types of characters that are important 
from a social point of view are especially difficult to analyze—those having to do with mental 
properties, for example. It is important that twin studies be pursued here, and that other 
methods of approach be developed. Perhaps additional progress could be made by the study 
of behavior patterns in laboratory mammals; these might at least give some indication of the 
relative frequency of mutations in some components of the mental makeup of individuals. 

Estimates of damage due to mutation will be affected by the frequency of “pleiotropy” 
(multiple phenotypic effects of single genes), of “synergism” (greater than additive coopera- 
tion of genes at different loci in producing a given effect), and of cases in which given 
mutant effects are simulated by mutations at other loci or by environmental effects. We need 
evidence—especially from man and other mammals—on the relative frequencies of inter- 
relations of these and similar kinds among genes (especially radiation-induced mutant genes) 
and among characters. 

Almost any mutant gene varies in its effects on different individuals that bear it; at times 
this variability may be extreme, ranging from no detectable effect at all up to extreme mal- 
formations. Such variations are sometimes due to detectable genetic or environmental causes; 
in other cases, they have the appearance of occurring at random. The frequency and charac- 
teristics of the phenomenon need study—again especially in mammals—since they will be 
important in any attempt to make quantitative estimates. 


3. The Behavior of Genes in Populations 


If we knew the quantitative relations between mutation frequency and radiation dosage, 
and also had good estimates of the amount of damage to an individual resulting from each 
mutant gene produced, we still would not have solved one of the problems presented to us, 
namely, what happens to these genes when they are introduced into the population, and also 
what happens to the population. 

This type of problem requires a knowledge, not now available, of the breeding struc- 
ture of human populations. We need to know such things as the degree of inbreeding (fre- 
quency of marriages between first cousins and more remote relatives) and its relation, as well 
as that of other factors, to number of descendants. Some of the needed kinds of information 
can be extracted from existing vital statistics and hospital and other medical records; it is to 
be hoped that methods of collecting and filing such statistics can be instituted that would make 
them much more useful for this purpose. In this connection it may be pointed out that one of 
the unique features of man as a genetic organism is that pedigrees are recorded in one way or 
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another for many generations and for many hundreds of millions of individuals. Human 
geneticists have only begun to exploit this special advantage. 

We are poorly informed of the way in which natural selection is now operating on human 
populations. Only after a very detailed study of mortality and fertility rates and the factor 
influencing them will we be in a position to give reasonably clear answers here—and only 
then will we be able to make reasonably sound estimates as to the future fate of mutant genes 
and their effects on the population bearing them. 

Human population studies should include vital statistics on genetic abnormalities and 
diseases as well as the results of metrical, physical, physiological, mental, and behavioral 
tests. Particularly important may be detailed vital statistics, as related to the level of con 
sanguinity, in populations now or recently living under primitive conditions more nearly 
similar to those under which present gene frequencies may have been determined. 

One may question whether it is possible to establish artificial populations of experi: 
mental animals that will approximate the reproductive potential and the breeding structure 
of human populations. Nevertheless it is important to learn as much as possible about the 
behavior of such populations under varying conditions, including exposure to different levels 
of radiation. 

There are some considerations in human populations studies that are not important in 
connection with populations of other organisms. It is not easy to see how they can be studied 
directly, but they seem worth pointing out. One such consideration is that human society 
depends on diversity of performance among its members, and on very high mental qualities 
among at least some of them. In the absence of any precise information on the extent to 
which mental qualities are inherited, it is not now possible to evaluate the genetic component 
in this requirement. But the fact remains that it is possible that a human civilization might 
conceivably collapse simply from becoming qualitatively inadequate, even if reproductive 
selection of certain kinds were operating with high intensity and the number of individuals 
in it remained at a level that was previously optimal. 

Another consideration is that natural selection is an impersonal process that often 
involves suffering. On ethical grounds, many geneticists would like to see methods that involve 
less human suffering come into more general use for the control of the genetic constitution of 
human populations. This seems at present a Utopian idea, but it remains one that many 
biologists hold to be desirable. If significant advances in this direction should be made in the 
future, they will necessarily have a bearing on the genetic hazards of increased exposure of 
man to high-energy radiation. 


4. Basic Research 


The Committee feels that it cannot too strongly urge that the pace of basic research in 
genetics be increased, for answers to many of the practical questions posed above will surely 
come in this way. 

Encouraging progress has been made in recent years in understanding the physical and 
chemical nature of genetic material and every effort should be made to extend this under- 
standing as rapidly and as far as possible. We need to know more about the nature and ot 
ganization of genetic specifications, how they are replicated, the manner in which they ar 
changed through both spontaneous and induced mutation, and the way they are used in. 
development and in physiological activities. 
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Because the production of specific antigens and antibodies is important in both theo- 
retical genetics and in many practical problems involving radiation damage, immunogenetics 
is a field that should receive strong support in any long-term research program in basic ge- 
netics. Especially in the genetic investigations of populations of cells in multicellular organ- 
isms, immunogenetic methods are of significance. In the case of massive radiation damage 
in mammals, the promise of bone marrow replacement therapy has already more than justified 

There is urgent need for deeper understanding of the primary effects of high-energy 
radiation on living systems. New methods and tools for attaining this end are being rapidly 
developed. The use of chemicals in preventing damage should be further studied so that a 
better understanding can be reached of the metabolic steps between absorption or radiation 
and mutation. Emphasis should be given to application of physical methods now available 
for analyzing reaction pathways in mutagenic processes. 

In all such studies the experimental material used should obviously be that most appro- 
priate to the problem being investigated. Nucleic acid or protein, in the test tube or analytical 
ultracentrifuge, may be the system of choice. Viruses promise to become even more important 
than they now are as tools of geneticists. The interactions of viruses and their host cells will 
surely be of increasing importance in the search for new genetic knowledge. Bacteria, fungi, 
algae, protozoa, as well as higher forms of plants and animals, will of course continue to 
make their contributions. And whenever and wherever such basic investigations can be made 
with human materials, including tissue cultures, these should by all means be used. 
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REPORT OF THE 


COMMITTEE ON PATHOLOGIC EFFECTS 
(Pages 27-33) 


THE Committee on Pathologic Effects of Atomic Radiation and its Subcommittees, since the 
publication of their report of June, 1956, have been reviewing all available data pertinent to 
the field. The Committee is grateful to the United States Atomic Energy Commission, the De. 
partment of Defense, the United States Public Health Service and numerous investigators for 
providing pertinent data. 

This report is essentially similar to our last Summary Report. Appendices will be pub- 
lished by several of the Subcommittees during the next few months bringing up to date the 
data in their appropriate fields of competence. In presenting this report, it has seemed best jor 
completeness to republish much of the original report, with the additions and emendations to 
that report shown in italics. Some omissions have been made in the original report to improv 
brevity and clarity. 

Appreciation of the pathologic effects of radiation on man has required of this Com 
mittee and its Subcommittees consideration of voluminous experimental work on animals, a 
well as such direct data on human beings as are available. When the results of controlled ex- 
perimental studies are considered in the light of the human data, it is found that the sequence 
of pathological changes is indeed quite similar in man and in animals, although man has cer- 
tain definable peculiarities of response, as have some other species. Therefore, not all experi- 
mental data on animals are directly transferable to man. 

The human data include: 

Results of excessive exposure to X-rays and radium in the early days; 

Results of more moderate exposure to different forms of radiation, as experienced by 
cyclotron workers; 

Results of introduction of naturally occurring radioelements into the body, notably 
radium preparations and thorotrast; 

Effects of exposure at Hiroshima and Nagasaki; 

Observations on populations irradiated by fallout; 

Additional observations from clinical radiotherapy, use of artificial isotopes in therapy, 
a very limited number of accidents in atomic energy work, and certain statistical surveys of 
large groups. 

Experimental work covers the whole field and includes studies of acute and chronic ¢- 
fects on many species of animals. ; 

Certain human effects have to be assumed from consideration of experimental knowl 
edge (for example, early effects of high doses to the central nervous system, and results of 
absorption of most of the artificially produced isotopes) and it is fair to say that the lethal 
dosage of penetrating radiation for man is less well known than for many other species. 

Radiation has been added to the means of production of casualties in warfare. Not only 
can radiation cause death or immediate or delayed injury by itself, but exposure to it intensifies 
the seriousness of thermal burns or other injuries. The acute lethal dose of whole body radie- 
tion for half of a given population is in the range of 400 to 600 r. 
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Despite the existing gaps in our knowledge, it is abundantly clear that radiation is by 
far the best understood environmental hazard. The increasing contamination of the atmos- 
phere with potential carcinogens, the widespread use of many new and powerful drugs in 
medicine and chemical agents in industry, emphasize the need for vigilance over the entire 
environment. Only with regard to radiation has there been determination to minimize the risk 
at almost any cost. 

Members of this group and of its subpanels, while recommending various points of de- 
parture for greater consideration and further research, were in no case of the opinion that any 
sort of “crash program” would be desirable or profitable. 

The time period during which persons may be overexposed to radiation will have much 
influence on the overall effects. For example, total body irradiation in a relatively short period 
of time, as occurred in Japanese atomic bomb casualties and in a few accidental exposures in 
atomic energy plants, caused early clinical effects reflecting mainly injury to the blood-forming 
tissues and intestinal tract, which have great powers of recovery, as well as leakemia and other 
delayed effects in various organs. 

Where, on the other hand, exposure has been suffered at a relatively low level from time 
to time over a period of years, a variety of injurious effects may be encountered, such as leu- 
kemia and skin cancer. Among those who have adhered to present permissible dose levels, 
none of these effects have been detected as yet. 

Shortening of life span may result from exposure to radiation not only as a consequence 
of damage to a specific tissue, as seen in the development of skin cancer and leukemia, but 
also as a result of such general factors as lowered immunity, damage to connective tissue, or 
“premature aging.” There is some evidence in animals that radiation effects contributing to 
shortening of life span may depend upon genetic constitution and on the age and physical or 
clinical status at the time of exposure. In general, for given dose rates, the survival time is 
shorter the more radiation energy absorbed. Life shortening is generally less, however, for a 
given total dose absorbed over a long period of time as compared with a short period of time. 
Life shortening in man has not been demonstrated following small doses of radiation. 

Statistical studies of mortality of U. S. physicians, comparing radiologists with other 
physicians or with the general male population, indicate that uccupational exposure of U. S. 
radiologists may have caused an increase in mortality in past decades. Since the increase is 
of borderline significance, it is not yet possible to make quantitative determination of life 
shortening. A study of British radiologists suggests no increase in mortality rates among them. 

A life shortening effect in man as a consequence of substantial total body irradiation can 
be estimated reasonably on the basis of animal experimentation and on the basis that such ex- 
posures increase the incidence of leukemia in human populations. However, there are as yet 
no data for man that provide a satisfactory basis for quantit« ive estimation of the overall life 
shortening effect, the existence of a dose threshold, or of the dependence of the effect on dose 
and dose fractionation, 

The lethal dose for partial body irradiation exceeds in general, that for the whole body. 
A small volume of tissue may receive many thousand roentgens without death resulting. This 
permits doses much greater than the lethal level for total body radiation to be employed in 
radiation therapy. 

Radiation may have its prominent effects in particular parts of the body when it is applied 
locally, and this may take place in two ways. First, an external source may be so handled as 
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to direct its radiation to a particular part; in this way many of the early radiologists suffered 
acute or chronic injury to the hands, which has also occurred in more recent atomic energy 
accidents. 

In the second instance, a radioactive substance may be taken into the body and deposited 
where it is a source of constant local irradiation until it is eliminated. Bone disease in radium 
workers (leading to cancer as a late development) is a well-known example of this mode of 
exposure. It is worth noting that the atomic energy industry, through careful preventive meas. 
ures, has apparently avoided exposures leading to this type of injury. 

It is thus characteristic of the radiations that their effects may manifest themselves not 
only immediately, but perhaps only after a long period of intermittent radiation, or may even 
be long delayed after a single exposure. One of the particular tasks of the panel has been to 
see all of these effects in a common perspective. They will be discussed here in terms of the 
effects of radiation on the important organs and tissues of the body, since it is a well-known 
fact that some are more readily injured by radiation than others, and that injury to some has 
more serious consequences than to others. 

Blood-Forming Tissues*: Among the more serious effects of radiation are those on 
the blood, since the vital blood-forming organs are particularly sensitive to radiation injury. 
For example, when a man receives a total body dose of 200 to 400 r, the white blood cells 
are decreased in number soon after radiation, and in fatal cases they almost disappear before 
death. Other acute changes in the blood give rise to disorders in the clotting mechanism and 
a bleeding tendency, and the formation of antibodies against infections is impaired. These 
changes lead to acute illness in the second week heralded by decrease in the white cells. 

In the next few weeks anemias may occur due to deficiencies in red blood cell formation 
and survival. Those victims living through the first month usually recover, but in certaif in- 
dividuals, or where radiation is continued, there is a further serious breakdown of blood cell 
formation. 

A late effect of radiation appears to be leukemia, which may arise years after radiation 
exposure. This disease, relatively rare in man, may show manifold increase in population 
groups, such as bomb casualties, subjected to intensive radiation over a short period of time 
or in those whose professional work has exposed them to higher than acceptable permissible 
doses. 

In a British study, the incidence of intrauterine exposure to X-rays used to take roent- 
genograms was determined in two groups of children, one dying of leukemia and other cancers 
and the other without malignant diseases. It was observed that a larger proportion of the 
former group were so exposed. Of several regional studies in America, some confirmed thest 
observations but others have not. Because of difficulties inherent in epidemiological studies 
of this type, particularly with regard to the selection of non-irradiated controls, it is felt that 
further investigation will be required to establish whether or not diagnostic radiation is leu- 
kemogenic to human embryos. 

Gastro-intestinal Tract: Effects on the intestinal tract are also critical in the early pe 
riod. Vomiting and diarrhea occur within a few hours. This is a common complication of 
X-ray treatment to the abdomen. It seems to be mediated through the vegetative nervous 
system and is probably not related to later damage. 

Within a few days (usually four or five) after a person’s whole body is exposed to 200 


* An interim statement of the Subcommittee on Acute and Long-Term Hematological Effects is presented 
in Appendix A herewith. 
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to 400 r radiation, more serious effects occur. Failure.of the cells lining the intestine to re- 
place themselves results in partial denudation of the surface, with loss of fluid and salts; com- 
plicated by ulcerations, spread of infection, and bleeding. 

When several thousand roentgens are given in divided doses, later effects are seen such as 
overgrowth of connective tissue (fibrosis ) and decrease in the number of functioning epithelial 
cells. Cancer has occurred in.animals given very large doses of isotopes in insoluble form by 
mouth. 

Skin: Effects of radiation on skin have been widely observed. On the first day after doses 
of a few hundred roentgens, an erythema, resembling that of sunburn, appears but is transitory. 
A few days later a somewhat more persistent erythema occurs which may be associated with 
pigmentation. Ulceration may occur in this period after higher doses. Years later, atrophic 
changes may be seen, with marked deficiency of the blood supply and intractable ulceration; 
such a chronically damaged skin is a fertile bed for cancer development. The Marshall Island 
natives who were exposed to fallout in 1954 and received total body radiation insufficient to 
produce serious changes, had rather marked secondary skin lesions from direct contact with 
fallout material. Slight local vascular changes have been observed, but serious after effects 
are not anticipated. Loss of hair was temporary in these persons. Much heavier doses would 
be required to cause permanent loss of hair. In animals, destruction of the pigment cells by 
radiation causes regrown hair to be white, but such loss of pigment seems not to take place in 
men — comparable conditions. 

Bone: Earty radiation effects are not of note, except that retardation of growth of epiphy- 
ses of immature bones occurs and may produce serious results in children given local radiation 
therapy in doses exceeding several hundred roentgens. Late effects are seen in radium 
poisoning, where there is repeated destruction and repair at the sites of deposit of the radium 
in the bone culminating in destructive changes in which bone sarcoma is likely to appear. 

Lung*: Early after large doses there is congestion and increased secretion. Here, again, 
the late-appearing changes are of greatest importance: fibrosis, and development of cancer, 
which has been very common in certain mining areas where large concentrations of radon gas 
and its disintegration products were inhaled by miners over a long period of time. 

Thyroid: An early and persistent effect is depression in secretory activity, which is used as 
the basis of the radioiodine therapy of hyperthyroidism. No serious late local effects of thyroid 
radiation in adults have been recorded, although some leukemias have followed heavy radio- 
iodine treatment. A small proportion of children treated with X-ray to the upper part of the 
body, however, develop thyroid cancer later on, suggesting a specially high sensitivity of the 
child’s thyroid to carcinogenesis. 

Bye: Cataracts in man have resulted from injudicious exposure to X-rays, gamma rays, 
beta particles and neutrons. The threshold for cataract production from X-rays (200 kv) is 
600 to 1000 r, For equal energy absorbed in the tissue, the neutrons are more cataractogenic 
by a factor of 5 to 10. Keratoconjunctivitis also results from exposure to ionizing radiations, 
but the threshold is several times greater than is necessary to cause cataracts. 

Gonads: A single sublethal radiation dose to a male may result in sterility after a few 
weeks, followed by a slow recovery. Chronic exposure results in a gradual reduction in 
number, motility, and viability of sperm. This is the most sensitive indicator of chronic 
damage so far observed, being measurable in dogs at ten times the occupational permissible 
dose rate. Larger doses (above 800 r to the gonads) may permanently sterilize men and 


* An interim statement of the Subcommittee on Inhalation Hazards is presented in Appendix B herewith. 
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women. Radiation administered locally to the testes in doses which would be sublethal if 
administered to the whole body may cause considerable degrees of irreparable injury ‘in the 
sperm-producing tissues; and in persons who had only borderline fertility before exposure, 
permanent infertility or subfertility may result. Limited experience with the Marshall 
Islanders, the exposed Japanese, and certain accident casvs suggest that substantial fractions 
of the midlethal dose for man (around 400 to 600 r) did not have serious permanent effect 
on fertility. However, gonadal doses are not known with certainty in these cases and the 
numbers of such cases studied extensively for this purpose for a long period of time after 
exposure have been few. 

Central Nervous System: The adult nervous system may be affected by ionizing radia. 
tions in several ways. In the course of conventional cancer therapy, when parts of the nervous 
system must be exposed, several thousand roentgens may permanently injure the blood vessels 
of the brain or spinal cord, leading to ischemic damage. Many thousands of roentgens when 
delivered rapidly may quickly destroy certain elements in the central nervous system or, in 
other instances, so derange the function of vital centers as to cause death at once. Doses in 
the hundreds of roentgens seem to have little measurable effect on adult nervous tissues. Re- 
cent reports that subtle functions of the brain are disturbed by doses of a few roentgens still 
await confirmation. 

Embryonic Development: Mammalian embryos are readily affected by low doses of 
ionizing radiations. In laboratory mammals with certain genetic traits, as little as 20 + may 
alter development. Doses of 100 to 300 r cause a predictable spectrum of malformations de- 
pending on the stage of development of the embryo when exposed. These malformations can 
be well understood in terms of classical experimental embryology. High doses are generally 
lethal to embryos. Little is known about the effects of radiation on man during early develop- 
ment except that malformation or death follows irradiation of embryos in a dose range com- 
parable to that known to harm other mammals. Virtually nothing is known about the effects 
on late fetuses, and scarcely more regarding the effects of exposure of infants and children on 
subsequent development. 

Studies of possible correlation of the frequency of congenital abnormalities with levels 
of natural radiation have been suggested. While one survey has been interpreted to show in- 
crease of congenital malformations in areas relatively high in natural radioactivity, more de- 
tailed and better controlled studies will be necessary before it can be concluded that these low 
doses of radiation are capable of producing human anomalies. 

It must also be remembered that there are various other agents causing malformations 
during development, of which German measles is a well-known example. 

Factors Influencing Sensitivity: Very young or very old animals have increased sensi- 
tivity to lethal effects, and there is some experimental evidence to indicate that in some species 
the 50% acute lethal dose (LD;») may decrease progressively with increasing age during 
adult life, while in other species a decrease in LD;» may not be observable until later life. 
Information about the influence of genetic constitution on radiation effects is meager @ 
present, most of the research on the problem having been done on genetically homogeneous 
or “inbred” mouse strains. In the mouse data it seems that there is a nonspecific component of 
life shortening that is comparatively independent of genetic makeup, and in addition a specific 
component, reflected particularly in susceptibility to leukemia, which varies from strain to 
strain. The contribution of these strain-specific diseases to the total mortality is greater in the 
mouse than in other species on which information is available, but in spite of this the range 
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of variation in overall life shortening between strains is less than a factor of two, There is as 
yet no way to determine what the genetic heterogeneity of a human population signifies in 
terms of differences in radiosensitivity bétween members of the population. The evidence of 
ethnic differences in the incidence of spontaneous leukemia suggests that in man, as in the 
mouse, genetic constitution will play a role in the susceptibility to radiogenic leukemia. The 
consistency of the experimental data and estimates suggests that the nonspecific life shortening 
action has a common basis in all mammalian forms that may be conceived to be in cellular 
and subcellular mechanisms that exhibit little genetic variability. 

There may be a correlation between “vigor” or “fitness” and acute radiosensitivity in 
man, as there is in experimental animals, Judgments about the effect of physical or clinical 
status or pre-existing disease, etc., on short- or long-term effects of radiation must be based 
at present almost entirely on incidental clinical and experimental observations, because only 
the barest beginnings have been made on the study under controlled conditions of the influence 
of nutrition, exercise, disease, and other environmental and physiological variables on radia- 
tion effects. It is common knowledge that any of a variety of stresses can have an activating 
effect on chronic or latent disease. Radiation can have such an effect on certain diseases. 

Cancer: Local radiation in sufficient amount to almost any part of the body may produce 
cancer, the chance of tumor development being somewhat related to dose. 

All types of induced and spontaneous tumors appear not to arise at once, but to pass 
through a series of preliminary stages; radiation-induced tumors often take a particularly long 
time to develop. They do not begin to develop immediately after the radiation has altered the 
cells. There is much evidence indicating that malignant change ordinarily develops only after 
a series of “precancerous” changes or a state of tissue disorder has taken place. This tissue 
disorder need not exist at the site of origin of the cancer, as there are examples of the radia- 
tion-induction of malignant disease through physiological or hormonal mechanisms which are 
clearly indirect, i.e., where irradiation of the cells of origin is clearly not the critical factor. 
Mouse experiments show that shielding of a part of the body will prevent radiation leukemia 
and that shielding of one ovary will prevent a tumor from developing in the other. 

Some recent reviews have expressed the opinion that the incidence of tumors induced in 
a population may bear a direct proportion to radiation dose, based on the somatic mutation 
theory, So far it has been impossible to test this on human populations and in general animal 
experiments have shown that the picture may be much more complicated, It has been sug- 
gested by others that amounts of radiation below a certain threshold quantity may have no 
effect at all. It is conceivable that very small doses of radiation might induce tumors, but in 
a much lower incidence than would be predicted by the theory of proportionality. This would 
be true if somatic mutation was a part of the cancer induction process, but played a minor 
role, In view of the many uncertainties, the Committee does not consider it justifiable to pre- 
dict human tumor incidences from small radiation doses based on extrapolation from the 
observed incidences following high dosage. 

Radioactive Fallout: Data on Rongelap inhabitants and Japanese fishermen indicate that 
during exposure to radioactive fallout the amount of radioactive material deposited within the 
body may barely exceed permissible levels at a time when exposure to external radiation has 
reached a considerable proportion of the lethal dose. 

There are two notable instances of isotopes occurring in fallout that are much less con- 
centrated in the gonads than they are in some other tissues, so that somatic damage might 
occur relatively in excess of genetic damage. Widespread contamination with strontium-90 
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or with radioactive iodine results, respectively, in radiation to the skeleton and nearby tissues 
and to the thyroid gland. These two isotopes are at present being measured in samples of 
foodstuffs, including milk which in Western countries appears to be the major vehicle for their 
uptake in man. Levels have been increasing in the past few years but remain well below thoy 
that need to be considered cause for alarm. 

In relation to world-wide contamination, food chains are important. Fallout contami. 
nates plants through ground and leaf deposition; animals eat these plants, and secrete some 
isotopes in milk. The relative importance of foodstuffs in introducing radioactive isotopes in 
man depends, of course, on each individual eating habit. In this country milk and cheese are 
chief sources of calcium and of radio-strontium contaminants. Throughout this food chain, 
strontium is discriminated against relative to calcium, which reduces the hazard somewhat, 
It must be remembered that in regions where soil and water are low in calcium, calcium and 
strontium will be more readily taken up.* 

Therapy of Radiation Injury: While treatment is difficult, some success has been 
achieved with antibiotics and properly timed blood transfusions, and it now appears that 
transfusion of bone marrow may have value in the treatment of single overexposures. Shield- 
ing of a portion of the body appears to give a degree of protection disproportionately large for 
the mass shielded. Experiments set up to explain this fact may help in developing a rational 
treatment. Also, various forms of treatment given immediately before radiation have been 
devised, but do not appear in any sense practical. Studies of this sort may, however, provide 
a basis for future discoveries. 

In summary, it seems that the limitations of exposure suggested by the Committee on 
Genetics should be adequate for purposes of establishing that no perceptible somatic effect 
will occur, although theoretically minor shortening of life span or a slightly increased im 
cidence of tumors cannot be excluded as a possibility. 


SHIELDS WARREN, Chairman JacoB FURTH 

Howarp L. ANDREWS WeBB HAYMAKER 
AUSTIN M. BRUES Louis H. HEMPELMANN 
Henry A. BLAIR SAMUEL P. HICcKs 

JoHN C. BUGHER ’ HENRY S. KAPLAN 
RICHARD H. CHAMBERLAIN Harry A. KORNBERG 
EUGENE P. CRONKITE SIDNEY C, MADDEN 
CHARLES E. DUNLAP 


* See 1960 Summary Report of the Committee on Effects of Atomic Radiation on Agriculture and Food 
Supplies. 





CHAPTER 10. SELECTED REFERENCES ON RADIATION 
PROTECTION STANDARDS 


Included in this literature search are 296 references to reports 

and published literature written since 1957 on radiation protection 
standards. Recommendations of the National and Intermtional 
Commissions on Radiological Protection are covered along with papers 
on criteria and philosophy leading to the establishment of these 

_ recomendations. Peripheral information is included in references 
on current practices in atomic energy operations and diagnostic 

ani therapeutic radiology. 


the literature search is divided into four parts: AEC reports, non-ARC 
reports, journal articles, and books. Report references are 

arranged alphabetically by corporate author and alpha-nuomerically 

by report number. Journal references are arranged alphabetically by 
journal name. References to books and the miscellaneous references 
in the same section are arranged alphabetically by title. 


Summaries of any of the reports may be found in the AEC abstract 
journal, Nuclear Science Abstracts by means of the NSA reference 
numbers provided. 


Reports cited in the first part (AEC reports) can be examined at the 
ABC depository libraries listed in each issue of NSA. They can also 
be purchased from the Office of Technical Services (OTS), 

of Commerce, Washington 25, D. C. A full-size printed copy is 
available for the reports having a single price listeds other reports 
are available as photostat (ph) or microfilm (mf) copies. A few of 
the translations are on sale at the John Crerar Library (JCL), 

86 B. Randolph Street, Chicago 1, Illinois. In addition, microcopies 
of these reports and translations may be available. Inquiries 
concerning the purchase of AEC reports in this form should be 

directed to the Microcard Foundation, 901 26th Street, N. W., 
Washington 7, D. C. 


Some of the non-AEC reports are for sale either at the OTS (see above)} 
at the British Information Service (BIS), 5 Rockefeller Plaza, 

New York, N. Y.; or at the Scientific Document Distribution Office, 
Atomic Energy of Canada Lamited (AECL), Chalk River, Ontario, Canada. 
If no price is show for a report, it is suggested that availability 
information be requested from the OTS or from the issuing agency. 
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Division of international Affairs, AEC. 
SYMPOSIUM ON HEALTH PHYSICS IN BIOLOGY AND MEDICINE, HELD AT THE 
UNIVERSITY OF PUERTO RICO SCHOOL OF MEDICINE, SAN JUAN, MAY 26-26, 
1958. 220p. (TID-7572) $2.00(OTS) NSA 13320032. 


RCA Service Co., Inc., Camden, Ne J. 

A RADIOBIOLOGY GUIDE. Robert E« Barbiere, Richard F. Sweeton, 
George P. Sakalosky, and Paul EB. Klatt. June 1958. 120p. f 
(WADC-TR-57-118(Pt. I)) Available as “Atomic Radiation," RCA 
Service Co., Camden, N. Jersey, $1.65. NSA 12313688. 


A RADIOBIOLOGY GUIDE, PART II, F. DeWitt Kay, Jr. and Warren 
Hobson, Jr. May 1959. 126p. Project title: HEALTH HAZARDS 
OF MATERIALS AND RADIATION. Task title: HUMAN FACTORS OF 
NUCLEAR OPERATIONS. (WADC-TR-57-118(II)) NSA 1):1717. 


Translations. 


RADIATION PROTECTION BY FILM BADGE FOR PERSONNEL WORKING WITH 
RADIOACTIVE MATERIAL. H. Langendorff and F. Wachsmann. Trans- 
lated by E. Franklin (U.K.A.E.A. Atomic Energy Research Establish- 


ment) from Atomkernenergie 3, 60-4(1958) kp. (AERE-Trans-630) 
Dep. NSA 119. 7 


PROBLEMES POSES PAR IA PROTECTION CONTRE LES RAYONNEMENTS DANS 
L'UTILISATION PACIFIQUE DE L'ENERGIE ATOMIQUE. (Problems Caused 

by Protection Against Radiation in the Peaceful Uses of Atomic 
Energy-). Robert Gs Jaeger. Translated into French from Z. 

Phys+ 2, 467-5(1957). S3pe (CBA~tr-A-565) Dep.(mc). NSA 13:152h7. 


Union of South Africa. 


EXPERIENCE IN RADIOLOGICAL PROTECTION IN SOUTH AFRICA. S. F. 
Oosthuizen, W. G. Pyne-Mercier, et ale 17p. (A/CONF.15/P/1106) 
Dep.(me). NSA 1326690. 


U.SS.Re 


OPYTY K OBOSNOVANIYU PREDEL 'NO-DOPUSTIMYKH POTOKOV TEPLOVYKH 
NEITRONOV. (Experiments Designed to Substantiate the Maximum Per- 
missible Doses of Thermal Neutrons). A. Gs Isotomina and I. B. 
Keirim-Markus (U.S.SeRe). 16p. (A/CONF.15/P/2078) Dep.(mo). 
NSA 1336276. 
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United Kingdom Atomic Ene Authority. Industrial Group H.Q. 
Risley, Lancs, England, 


RADIOLOGICAL PROTECTION OF WORKERS ENGAGED IN THE MANUFACTURE OF 
NATURAL URANIUM FUEL AT THE SPRINGFIELDS' FACTORY OF THE U.K.A.E.A. 
A, Butterworth, A. Cook, and H. Mason. lp. (A/CONF.15/P/295) 
Dep.(mc). NSA 1326682. 


United Kingdom Atomic Ene Authority. Research Group. 


Atomic Energy Research Establishment, Harwell, Berks, England. 


A NOTE ON THE MAXIMUM PERMISSIBLE LEVELS OF TRITIUM. R. M. Fry. 
Dec. 1958. lip. (AERE-HP/W-137) Dep. NSA 13216118. 


A SHORT COURSE IN RADIOLOGICAL PROTECTION. R. J. Sherwood, eds 
Mer. 1959. 155p. (AERE-I-101; AERE-HP/L-23(2nd Ed.) $3.78(BIS) 
NSA 13215221. 


THE MEASUREMENT OF NEUTRON DOSE. A. B. Clare. July 1959. 33D. 
(ABRE-R-292) $0.63(BIS) NSA 121,62. 


United om Atomic Energy A ri 2 and 
Atomic Energy Research Establishment, Harwell, Berks, Eng. 


RADIATION EXPOSURE EXPERIENCE IN THE U. K. ATOMIC ENERGY AUTHORITY 
IN 1957. H. J» Dunster, A. S. Mclean, and W. G. Marley. lip. 
(A/CONF.15/P/302) Dep.(mc). NSA 132668). 


Journal Articles 


RADIATION DOSES TO THE GONADS OF PATIENTS IN SWEDISH ROENTGEN 
DIAGNOSTICS: STUDIES ON MAGNITUDE AND VARIATION OF THE GONAD 
DOSES TOGETHER WITH DOSE REDUCING MEASURES. L. E. Larsson. 


Acta Radiol., Stockholm Suppl. 157, 1-127(1958). 


RADIATION PROTECTION IN NUCLEAR REACTORS. Horst Karl-Friedrich 
Muller. AEG Mitt. 48, 38-,7(1958) Jan. (In German) 


NEW YORK'S EXPERIENCE IN ADMINISTERING CODE ON RADIATION PROTECTION. 
M. Kleinfeld. A.M.A. Arch. Ind. Health 17(2), 87-95(1958) Feb. 


SOME FACTORS TO BE CONSIDERED IN A PROTECTION PROGRAM FOR USE OF 
RADIATION SOURCES. H. W. Speicher. A.M.A. Arch. Ind. Health 
17(5), 546-55(1958) May. 


STATE AND LOCAL REGULATIONS OF RADIATION. s. J. Harris. A.M.A. 
Arch. Ind. Health 19(3), 302-6(1959) Mar. 


THE INDUSTRIAL CODE AS A TOOL IN RADIATION PROTECTION. M. Kleinfeld 
and M. M. Udel. A.M.A. Arch. Ind. Health 20, 199-201(1959) Sept. 
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BACKGROUND RADIATION EXPOSURES OF THE GENERAL POPUIATION. Simon 
Kinsman (Dept. of Health, Education, and Welfare, Public Health 
Service, Cincinnati). Am. Ind. Hyg. Assoc. Je 19, 8=-14(1958) Feb. 


IABELING OF MANUFACTURED PRODUCTS CONTAINING RADIOACTIVE MATERIALS. 
W. A. Mcadems (Generel Electric Co., Schenectady, N. Y.). Am. Ind. 
Hyg. Assoc. Je 19, 26~30(1958) Feb. ter 


CRITERIA FOR ESTABLISHING SHORT TERM PERMISSIBLE INGESTION OF 
FALLOUT MATERIAL. Gordon M. Dunning (Atomic Energy Commission, 
Washington). Am. Ind. Hyge Assoc. J. 19, 111-20(1958) Apr. 


NUCLEAR INSURANCE AND STANDARDS. R. G. McAllister (Liberty 


Mutual Insurance Co., Hopkinton, Masse). Am. Ind. Hyg. Assoc. J. 
19, 345-8(1958) Aug. 


HEALTH HAZARDS ASSOCIATED WITH ROLLING NORMAL AND ENRICHED URANIUM - 
EVALUATION AND CONTROL. Edwin C. Hyatt (Los Alamos Scientific Lab., 
N. Mexe). Am, Ind. Hyge Assoc. J. 20, 82-91(1959) Apr 


THE LICENSEE INSPECTION PROGRAM OF THE U. S. ATOMIC ENERGY 


COMMISSION. M. M. Mann. Am. Ind. Hyg. Assoc. « 20(2) p-108-10 
(1959) Apr. 


RADIATION ~ A PHOTOFLUOROGRAPHIC STUDY. Edward J. Baier. 


(Pennsylvania Dept. of Health, Harrisburg). Am. Ind. Hyg. Assoc. J. 
20, 113-17(1959) Apr 


RADIATION PROTECTION LAWS AND CODES: A SCRAMBLE FOR ACTION. 
W. A. McAdams. Am. Ind. Hyg. Assoc. J» 20(3), 2h6-8(1959) June. 


RADON AND ITS DAUGHTERS. Am. Ind. Hyg. Assoc. J. 20, 253-h(1959) 
June. 


A SURVEY OF RADIATION RECEIVED BY DENTISTS AND DENTAL ASSISTANTS, 
Charles K. Spalding and Russell F. Cowing (Cancer Research Inst., 
Boston). Am. Ind. Hyg. Assocs Je 20, h2h-7(1959) Oct. 


POLONTUM*19, Am. Ind. Hyg. Assoc. J. 20, 251~2(1959) June. 


EXPERIENCE WITH THE MASSACHUSETTS CODE ON IONIZING RADIATION. 
Harold Bavley and Robert L. Devlin: (Massachusetts Dept. of Labor 


and Industries, Boston). Am. Ind. Hyg. Assoc. J. 20, 473-7(1959) 
Dece 


RADIATION HYGIENE ABOARD NUCLEAR SUBMARINES. J. H. Ebersole. 
Am. Ind. Hyge Assoc. Quart. 18()), 305-11(1957) Dec. 


RADIATION HAZARDS. Clinton C. Powell. Am. J. Public Health 4g, 
1-9(1959) Jan. 
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EXPERIENCES AT THE STATE LEVEL IN COPING WITH IONIZING RADIATION. 
D. Bergsmas Am. J. Public Health 9(6), 800-2(1959) June. 


(WENTY YEARS OF COPING WITH IONIZING RADIATION AT THE LOCAL 
HEALTH DEPARTMENT LEVEL. W. G. Fredrick. Am. J. Public Health 
lg(7), 900-2(1959) July. eo 


THE GENETIC BASIS FOR THE LIMITATION OF RADIATION EXPOSURE. 
B. Glass. Am Je Roentgenol. 78(6), 955-60(1957) Dece 


A SUMMARY: ‘TODAY'S PROBLEMS IN RADIATION HAZARDS AND WHAT IS 
BEING DONE TO CONTROL THEM. R. H. Chamberlain. Am. J. Roentgenol. 
78(6), 1000-2(1957) Dece 


PROGRESS TOWARD A COMPREHENSIVE PROGRAM IN RADIATION SAFETY. 
R. H. Morgan. Am. J. Roentgenol. 79(2), 349~51(1958) Feb. 


REDUCTION OF RADIATION HAZARD IN OBSTETRIC ROENTGENOGRAPHY, 
W. M. Whitehouse, C. S. Simons, and T. N- Evanse Am. J. Roentgenol. 
80()), 690-5(1958) Octe 


THE CHEST ROENTGENOGRAM AND CHEST ROENTGENOGRAPHIC SURVEYS 
REIATED TO X-RAY RADIATION EFFECTS AND PROTECTION FROM RADIATION 
EXPOSURE: EXECUTIVE COMMITTEE OF THE AMERICAN TRUDEAU SOCIETY. 
Am. Rev. Tuberc. 77(2), 203-6(1958) Feb. 


PRACTICAL CONTROL OF RADIATION HAZARDS IN PHYSICS RESEARCH, 
Burton J. Moyer (Univ. of California, Berkeley). Ann. Rev. Nuclear 
Sci. 8, 327-U2(1958). MNO ae a 


IES RADIATIONS IONISANTES; LEUR ACTION SUR L'ORGANISME; MESURES 
D'HYGIENE ET DE PROTECTION. (Ionizing Radiations; Their Effects 

on the Organism; Measures of Hygiene and Protection). A. LaFontaine. 
Arch. belges méd. sociale o, m&d., travail et méd. légale 16(7), 
349=71(19 July. 


CHANGES IN MAXIMUM PERMISSIBIE EXPOSURE VALUES. K. Z. 
Morgan (Oak Ridge National Lab., Tenn.). Arch. Ind. Health 16, 
357-62(1957) Nov. SF amas sae ere 


NEW YORK'S EXPERIENCE IN ADMINISTERING CODE ON RADIATION PROTECTION. 
Morris Kleinfeld. Arch. Ind. Health 17, 87-95(1958) Feb. 


SOME FACTORS TO BE CONSIDERED IN A PROTECTION PROGRAM FOR USE OF 
RADIATION SOURCES. H. W. Speicher ae Electric Corp., 
Pittsburgh). Arch. Ind. Health 17, 546-55(1958) May. 


DOSAGE AND BIOLOGICAL EFFECTS OF INTERNAL RADIOACTIVITY. J. N. 
Stannard (Univ. of Rochester, N. Y.). Arch. Ind, Health 18, 
95=101(1958) Auge 
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SOURCES OF IONIZING RADIATION HAZARDS IN NAVAL MILITARY MEDICINE. 
James A. Brimson. Arch. Ind. Health 18, 186-9(1958) Sept. 


HEALTH ASPECTS OF NUCLEAR TECHNOLOGY. Niel Wald (Univ. of 
Pittsburgh). Arch. Ind. Health 19, 345-9(1959) Mar. 


CORPS RADIO-ACTIFS ET PATHOLOGIE PROFESSIONNELLE; VALEUR DES 
METHODES DE SURVEILLANCE DES OUVRIERS. (Radioactive Bodies and 
Occupational Pathology; Value of Methods of Supervision of 
Workers). E. Fournier, G. Francheteau, and J. Toulet. Arche 


maladies professe, hyg. et toxical. ind. 20(3), 258-71(1959) 
May-June. 


SAFETY FOR ATOMIC WORKERS. F. R. Paulsen. Atomics and Nuclear 
Energy 9, 189-93, 197(1958) June. VicmanT A tee 


THE PREPARATION OF INTERNATIONAL RADIATION PROTECTION RECOMMENDA 
TIONS BY THE INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 


(ICRP). R. G. Jaeger. Atomkernenergie l, 261-7(1959) July-Aug. 
(In German) 


THE PREPARATION OF THE NEW RECOMMENDATIONS OF THE INTERNATIONAL 
COMMISSION FOR RADIOLOGICAL PROTECTION (ICRP) ON EXISTING RADIATION 
PROTECTION MEASURES. J. Zakovsky (Universitat, Vienna; Technische 
Hochschule, Vienna; and Ph. T. Prufanstalt fur Radiologie und 
Elektromedizin der stadt, Vienna), Atomkernenergie , 322-7(1959) 
July-Aug. (In German) 


DOSIMETRY OF BETA RADIATORS IN RADIATION PROTECTION. K. Sommermeyer 


and H. Opitz (Universitat, Freiburg i B.). Atomkernenergie ), 
04-8(1959) Oct. (In German) 


RESULTS OF RADIATION~PROTECTION MONITORING BY THE FILM BADGE METHOD 
IN THE YEARS 1957 AND 1958. Walter Brichzy and Felix Wachsmann 
(Arbeits-gemeinschaft fur Strahlenschutz, Erlangen, Ger.). 
Atompraxis 5, 305-10(1959). (In German) 


OCCUPATIONAL RADIATION PROTECTION: AN ETHICAL AND TECHNICAL PROBLEM, 
S. Balke. Atomwirtschaft 3, 189-91(1958) May. (In German) 


RADIATION PROTECTION. R. Jaeger. Atomwirtschaft 3, 31h-16(1958) 
Auge-Sept. (In German) 


(HOW CAN SATISFACTORY RADIATION PROTECTION BE ACCOMPLISHED?) (Ger) 
H. Lossen. Beitr. Klin. Tuberk. 121 253-,(1959). 


CONCEPTO DEL NIVEL PERMISIBIE DE EXPOSICION a IA RADIACION. (Concept 
of Permissible Level of Exposure to Radiation). W. D. Claus. 


Bol. ofic. sanit. panam., Washe 43(5), 405-14(1957) Nov. 
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REPORT ON AMENDMENTS DURING 1956 TO THE RECOMMENDATIONS OF THE 
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION. Brit. J. Radiol. 


32(362), 93-4,(1958) Feb. 


AN EXAMINATION OF THE CLINICAL AND EXPERIMENTAL DATA RELATING TO THE 
POSSIBLE HAZARD TO THE INDIVIDUAL OF SMALL DOSES OF RADIATION. L, F. 
lemerton. Brit. J. Radiol. 31(365), 229-39(1958) May. 


OBSERVATIONS ON THE DOSE FROM DENTAL X-RAY PROCEDURES WITH A NOTE 
ON RADIOGRAPHY OF THE NASAL BONES. G. M. Ardran and H. E. Crooks. 
Brit. J- Radiol. 32, 572=83(1959) Sept. 


PROTECTION AGAINST IONIZING RADIATIONS. Brit. Med. J» No» 5060 
153h-5(1957) Dec. 


SAFER DIAGNOSTIC RADIOLOGY. Brit. Med. J. No. 5082, 1289-90 
(1958) May. 


ADVICE ON RADIOLOGICAL PROTECTION, Brit. Med. J. No. 2,1287-8 
(1959) May 16. 


HUMAN EXPOSURE TO RADIATION. Karl Z. Morgan. (Oak Ridge National 
lab., Tenn.). Bull. Atomic Scientists 15, 38)-9(1959) Nov. 


STUDIES OF PROTECTION. Bull. inform. sci. et tech. (Paris) No, 31, 
36-40(1959) July-Auge (In French) ~~ =~ oad 


BIOPHYSICAL BASIS FOR THE APPLICATION OF X RADIATION AND RADIOACTIVE 
SUBSTANCES. Otto Hug (Max-Planck-Institut fur Biophysik, Frankfurt 
am Main). Bundesarbeitsblatt No. 18, 826-31(1955). (In German) 


CANADA'S PROGRAM OF RADIATION PROTECTION. J. W. Monteith. Gane J. Public 
Health 50, 355-9(1959) Sept. Gane Jo Fublic 


RADIATION PROTECTION PROBLEMS IN WORKING WITH RADIOACTIVE ISOTOPES. 

I, GENERAL FUNDAMENTALS AND DANGER POSSIBILITIES FROM EXTERNAL IRRADIA- 
TION. Gerd Bohler, Ernst Spode, and Gunter Vormum (Deutschen Akademie 
der Wissenschaften, Berlin-Buch). Chem. Tech. (Berlin) 11, 9l-6 

(1959) Fed. (In German) 


VERBESSERUNG DES STRAHLENSCHUTZES UND DER TECHNIK BEI RONTGENUN- 
TERSUCHUNGEN VON SAUGLINGEN UND KLEINKINDERN. (Improvement of 
Radiation Protection and Technic of X-ray Studies in Infants and 
Small Children). E. Rothe. Deut. Gesundheitsw. 13(30), 916-8 
(1958) July 2h. 


PRACTICAL METHODS OF MINIMIZING THE RADIATION RISK. L. R. Whittaker. 
East Afr. Med. J. 35(9), 537-U1(1958) Sept. 


ert IONIZING RADIATION. Electronics 32, No. kh, 22-3(1959) 
te 30. 
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URANIUM TOXICITY. C. Garavaglia tek of Milan and CISE, Milan). 
Energia nucleare (Milan) 6, 11-6(1959) Feb. (In Ttalian 


STRAHLENSCHUTZ IM MEDIZINISCHEN RADIOISOTOPENLABOR. (Radiation 
Protection in Medical Radioisotope Laboratories). U. Feine. 


Fortsch. Roentgenstrahlen. 88(1), 6-12(1958) Jan. 
PHYSIKALISCH-TECHNISCHE PROBLEME DES STRAHLENSCHUTZES IN MEDIZINISCHEN 
ANIAGEN. (Physical and Technical Problems of Radiation Protection 


in Medical Installations). W. Lorenz. Fortsch. Roentgenstrahlen. 
88(3), 251-6(1958) Mar. 


(NEW RADIATION PROTECTION NORMS). Fortschy, Roentgenstrahlen. 
Nuklearmed. 91, 535(1959) Oct. (In le 


HEALTH AND SAFETY IN THE DEVELOPMENT OF NUCLEAR ENERGY. John D. 
Abbatt. G.E.C. Atomic Energy Review 1, 195~8(1958) Sept. 


THE HYGIENIC CHARACTERISTICS OF NATURAL RADIOACTIVITY OF THE SOIL. 
V. N. Gus'Kova and A. N. Bragina (Inst. of Radiological Hygiene, 
Ministry of Health, R.S.F.S.R.). Gigiena i Sanit. 23, No. 10, 
32-7(1958) Oct. (In Russian) 


HYGIENIC MEASURES IN HOSPITAL DEPARTMENTS USING RADIOACTIVE ISOTOPES. 
V. Ya. Golikov (First Moscow "Order of Lenin" Medical Inst.) 
Gigiena i Sanit. 23, No. 10, 37-41(1958) Oct. (In Russian) 


RULES FOR WORKING WITH RADIOACTIVE SUBSTANCES. N. N. Khvostov 
(Erisman Moscow Scientific - Research Inst. of Sanitary and Hygiene, 
Ministry of Health, R.S.F.S.R.) Gigiena i Sanit. 23, No. 10, 59-61 
(1958) Oct. (In Russian) 


BRIEF HISTORY OF THE NATIOVAL COMMITTEE ON RADIATION PROTECTION AND 
MEASUREMENTS (NCRP) COVERING THE PERIOD 1929-1946. Lauriston S. 
Taylor (National Committee on Radiation Protection and Measurements). 
Health Phys. 1, 3-10(1958) June. 


RADIATION EXPOSURE AS A REASONABLE CALCULATED RISK. Lauriston S. 
Taylor (National Bureau of Standards, Washington). Health Phys. l, 
62=-70(1958) June. 


HISTORY OF THE INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 
(ICRP). Lauriston S$. Taylor. Health Phys. 1, 97-10(1958) Sept. 


CURRENT STATUS OF THE INTERNAL DOSE PROBIEM. K. Z. Morgan (Oak 
Ridge National Lab., Tenn). Health Phys. 1, 125-3(1958) Sept. 
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WXIMM PERMISSIBLE RADIATION EXPOSURES TO MAN. L. S. Taylor 
(National Bureau of Standards, Washington). Health Phys. 1, 200-4 
(1958) Sept. 


\AXIMUM PERMISSIBLE AMOUNTS OF NATURAL URANIUM IN THE BODY, AIR AND 
DRINKING WATER BASED ON HUMAN EXPERIMENTAL DATA, §S. R. Bernard 

(Oak Ridge National Lab., Tenn.). Health Phys. 1, 288-305(1958) 
Dece 


RIECTRONIC DATA PROCESSING AND RADIATION EXPOSURE RECORDS. I. C. 
Nelson (General Electric Co., Richland, Wash.). Health Phys. l, 
315-51(1958). 

RECOMMENDATIONS OF THE INTERNATIONAL COMMISSION ON RADIOLOGICAL 
PROTECTION. Rolf M. Sievert and Gioacchino Failla (International 
Commission on Radiological Protection). Health Phys. 2, 1-2(1959) 
July. 

MAXIMUM LIKELIHOOD ANALYSIS OF IONIZING RADIATION INDUCED MORTALITY 
IN WHOLE BODY FRACTIONATED DOSE EXPERIMENTS. J. B. Best (Walter 


Reed Army Medical Center, Washington, D. Ce). Health Phys. 2, 
139-56(1959) Oct. 


BRIEF HISTORY OF THE NATIONAL COMMITTEE OF RADIATION PROTECTION AND 
MEASUREMENTS (NCRP) COVERING THE PERIOD 1929-1916. L. S. Taylor. 


Health Physics, N. Y. 1(1), 3-10(1958) June. 


RADIATION EXPOSURE AS A REASONABLE CALCULATED RISK. L. S. Taylor. 
Health Physics, N. Y. 1(1), 62-70(1958) June. 


HEALTH PHYSICS RESPONSIBILITIES TO MANAGEMENT. G. H. Whipple. 
Health Physics, N. ¥- 1(1), 71-5(1958) June. 


HISTORY OF THE INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION 
(ICRP). L. S. Taylor. Health Physics, N.Y. 1(2), 97-10h(1958) 
Sept. 


CURRENT STATUS OF THE INTERNAL DOSE PROBLEM. K. Z. Morgan. Health 


Physics, N. Y. 1(2), 125-34(1958) Sept. 


GUIDES FOR THE PREPARATION OF NCRP RECOMMENDATIONS. L. S. Taylor. 
Health Physics, N. ¥. 1(2), 200-4(1958) Sept. 


UBER EINIGE VORAUSSETZUNGEN STRAHLENSCHUTZES. (Some Hypotheses of 


Radiation Protection), E. F. Xheller. Hippokrates, Stuttgart 28(19), 
618-20(1957) Oct. 


PROTECTION IN PEDIATRIC RADIOGRAPHY. WM. F. Stolz. Hospital Progr. 
39(5), 162(1958) May. 
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DIAGNOSTIC X-RAY; A HAZARD, AN AID: BASIC PROTECTION FACTORS. 
Sister Mary Joan. Hospital Progr. 40(1), 9253 passim(1959) Jan. 


RADIATION PROTECTION PRIMER. W. A. Mills, J. G. Terrill, Jr. 
and W. R. Taylor. Hospitals 32( 4), 3-4(1958) Feb. 16. 


A JAPANESE HISTORICAL REVIEW OF RADIATION PROTECTION. M. Suzuki. 
Ind. Med. and Surg. 28(6), 280-7(1959) June. 


HAZARDS OF RADIOACTIVITY: ‘THE FIFTH NATIONAL CONFERENCE ON PERSONNEL 


PROTECTION IN GOTTWALDOV. J. Fuskas Jaderna Energie 4, No. 1, 
27(1958) Jan. 


RADIATION DOSE TO GONADS FROM DIAGNOSTIC X-RAY EXPOSURE. Thomas A. 
Lincoln and Edwin D. Gupton (Oak Ridge National Lab., Tenn.). 
Je Am. Med. Assoc. 166, 233~9(1958) Jan. 18. 


THE CLINICAL RADIOLOGIST AND THE PROBLEMS OF RADIATION HAZARDS. 


Wendell G. Scott (Washington Univ., St. Louis). J. Am. Med. Assoc. 
170, 421-8(1959) May 23. 


X-RAY PROTECTION IN THE DENTAL OFFICE. A. G. Richards, R. Je 
Nelsen, G. M. Fitzgerald, S. S. Wald, and H. D. Spangenberger, Jr. 
J, Am. Dental Assoce 56(k), 51h-21(1958) Apr. 


RADIATION PROTECTION FOR DENTAL PATIENTS. I. E. Kirsh and H. L. Dute. 
J. Am. Dental Assoc. 58(4), 55-60(1959) Apr. 


RADIATION PROTECTION. G. Regnier. J. Arkansas Med. Soc. 55(7), 
270-3(1958) Dec. 


ON THE METHOD OF ESTIMATION OF THE POPULATION DOSE, POPULATION, AND 
SURFACE AREA COVERED BY THE DIFFUSION OF RADIOACTIVE CLOUDS. 


Y. Nishiwaki (Osaka City Unive). J. Atomic Energy Soc. Japan l, 
1-8(1959) June. (In Japanese) 


THE RATIONAL USE OF X-RAY IN MEDICINE AND DENTISTRY WITH PARTICULAR 
REGARD TO PROTECTIVE MEASURES. A. B. Soule, Jr., H. Heilbronn, and 
R. Bannister. J. Maine Med. Assoc. 49(k), 125-3)(1958) apr. 


PROTECTION AGAINST THE HAZARDS OF RADIATION IN DIAGNOSTIC 


ROENTGENOLOGY. J. E. Moseley. Js Nat. Med. Assoc. 50(6), 437-41 
(1958) Nove 


IA RADIOPROTECTION EN RADIOLOGIE. A. P. Lachapele, G. Meyniel, 
and J. Mounier. J. radiol. électrol. 39(9-10), 646~9(1958) Oct. 


RADIATION HAZARDS AND THE LOCAL AUTHORITY. (A) THE NATURE OF THE 


PROBIEM. P. Phelps. J. Roy. Soc. Health, London 79(2), 127-31 
(1959) Mar-Apr. 
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RADIATION HAZARDS AND THE LOCAL AUTHORITY. (B) A SOLUTION TO THE 


PROBIEM. CG. W. Mullett. J. Roy» Soc+ Health, London 79(2), 
131-8, 138-,0(1959) Mar-Apr. 7 


PROBLEMA BEZOPASNOSTI RENTGENOLOGICHESKIKH ISSLEDOVANII. ‘ 


Problem of Safety in Roentgenological Examinations). S. A. 
es wae Klin. med., Moskva 36(),), 3-14,(1958) Apr. 


THE "CROTCH DOSE” IN THE GENITAL AREA: A RADIATION EXPOSURE SURVEY. 


F. A. Salzman and J. A. Twaddle. Lahey Clin. Bull. 11(2), 48-53 
(1958) Oct-Dec. 


PERMISSIBLE RADIATION DOSES AND METHODS OF PROTECTION FROM RADIATION. 
‘bor Predmerszky- Magyar Bnerg! agazdasag Nos 9, 343-7(1956). 
(translated from Referat. Zhur. « No. 6, 1958, Abstract No. 


(PROBLEM OF RADIATION PROTECTION IN TROCHOSCOPIC EXAMINATION). 
G. Cs and Ge Koczkas. Magyar Radiol. 11, 180=)(1959) 


Auge (Hun 
MEDICAL RADIATION HAZARDS AND THE RESPONSIBILITIES OF THE MEDICAL 


PROFESSION. J. R. Andrews. Med. Ann. District of Columbia 27(3), 
111-9(1958) Mar. 


THE RESPONSIBILITY OF THE PRACTITIONER IN TAKING X-RAYS. G. 
Mevsky. Med. Ann. District of Columbia 27(9), 159-61(1958) Sept. 


THE DENTIST'S RESPONSIBILITY IN X-RAY DIAGNOSIS. D. F. Lynch. 
Med. Ann. District of Columbia 27(9), 462-3(1958) Sept. 


PRACTICAL RADIATION PROTECTION. Adrian Johnson. Med. J. 
Australia ,6(1), 38-42(1959) Jan. 10. 


HALF A CENTURY OF PROGRESS IN RADIODIAGNOSTIC PROTECTION. J. A. 
Bloomfield. Med. J. Australia 46(1), 289-92(1959) Feb. 28. 


REDUCTION OF RADIATION EXPOSURE IN DIAGNOSTIC EXAMINATIONS. C. A. 
Horn. Med. J. Australia 46(1), 513-7(1959) Apr. 18. 


STRAHLENBELASTUNG UND STRAHLENSCHUTZ IN DER GEBURTSHILFE UND 
GYNAKOLOGIE, (Radiation Load and Radiation Protection in Obstetrics 


and Gynecology). H» Bottger. Med, Klin., Berlin 5)(3), 108<10 
ti9ssy" 


Jan. 16. 


ORIENTAMENTI DELIA LEGISLAZIONE PROTETTIVA CONTRO LE RADIAZIONI 
IONIZZANTI, (Trends in Protective Legislation Against Ionizing 
Radiations). P. Didonnas Meds lavoro 50(1), 2=12(1959) Jan. 
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MUTATION - STRAHLENWIRKUNG = STRAHLENSCHUTZ. (Mutations, 
Effect of Radiations and Radiation Protection). H. Rotta. 
Med. Monatsschr. 11(8), 95-8(1957) Aug. 


CERTAIN PROBLEMS OF RADIATION SAFETY ON THE ATOMIC ICE-BREAKER 
"TENIN." As Ie Burnazyan, Ie De Kamyshenko, and Yu. Gc. Nefedov. 
Med. Radiol. l, No. ky 70-2(1959) Apr. (In Russian) 


STRALENBESCHERMING EN RONTGENDIAGNOSTIEK. (Radiation Protection 
and Roentgen Diagnosis). Thomas P. Voorthuisen and A. E. Vane 
Med. Tijdschr. Geneesk. 103(19), 1013-5(1959) May 9. 


STRAHLENSCHADEN UND STRAHLENSCHUTZ; SAMMEIREFERAT. (Radiation 
Injuries and Radiation Protection; Review of literature). Med. 
Welt No. 8, 35l=-7(1959) Feb. i 


DANGERS DES EXAMENS RADIOLOGIQUES EN SALIE D'OPERATION. (Risks 

in Radiological Examinations in’ the Operating Room.) M. Thalheimer, 
G. Peuteuil, R. Sans, and P. Welfling. Mém. acad. chir., Par. 
85(21-23), 571-8(1959) July 8. 


HOW TO WORK SAFELY WITH RADIOISOTOPES. L. J. Cherubin (Knolls 
Atomic Power Lab., Schenectady, N. Y.) and W. A. McAdams (General 
Electric Co., Schenectady, N. Y.). Mill & Factory 5(1958) Nov. 


THE RADIOLOGICAL PROTECTION SERVICE OF THE UNITED KINGDOM. E. E. 
Smith. Minerva nucleare, Tor. 1(6), 251-6(1957) Nov-Dec. 


HEALTH PHYSICS WORK AND EXPERIENCES IN A SMALL ATOMIC ENERGY 


ESTABLISHMENT. G. Jenssen. Minerva nucleare, Tore 1(6), 261-7 
(1957) Nov—Dece 


PROBLEMI DI RADIOPROTEZIONE IN UN CENTRO DI RICERCHE NUCLEARI 
APPLICATE ALL 'INDUSTRIA. (Problems of Radiation Protection in 
Nuclear Research Centers as Applied to Industry). B. Bellion 

and G. Cesoni. Minerva nucleare, Tor. 1(6), 267-75(1957) Nov-Dec. 


CRITERI DI PROTEZIONE NDEI LAVOR‘TORI NELIE APPLICAZIONI CONVENZIONALI DELIZ 
RADIAZIONI IONIZZANTI’ NELL‘ INDUSTRIA. * (Criteria of Protection of Warkers in th 
Gonveniional Application of +onizing iadiations in industry). 

L. Parmeggiani. Minerva nucleare, Tor. 1(6), 325-6(1957) Nov-Dec. 


STUDIES OF THE AMBIENT RADIOACTIVITY WITH PARTICULAR CONSIDERATION 
TO THE PROBLEM OF SAFETY IN THE OPERATION OF NUCLEAR REACTORS, 


P, Caldirola (Univ. of Milan). Minerva nucleare 2, 333-5(1958) 
Nov. (In Italian) 


SAFEGUARDS IN DIAGNOSTIC RADIOLOGIC EXAMINATIONS: PROBLEMS IN 


STUDYING INFANTS. K.R. Deibert. Mississippi Valley Med. J. 81, 
300=2(1959) Nove 
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RADIOLOGICAL SAFETY IN MEDICAL FACILITIES. §. G. Williams. 
Modern Hosp. 93, 98-112(1959) Sept. 


STRARLENBELASTUNG UND STRAHLENSCHUTZ IN DER PADIATRISCHEN RONTCEN 
DIAGNOSTIK. (Radiation Damage & Radiation Protection in Pediatric 
{-Ray Diagnosis). K. Hartung. Monatsschr. Kinderheilk. 107(3), 

195-7(1959) Mar. 


VERBESSERUNGEN STRAHLENSCHUTZES IN DER PADIATRISCHEN RONTGEN 
DIAGNOSTIK. (Improvement of Radiation Protection in Pediatric 


I-Ray Diagnosis). E. Russ. Monatsschr. Kinderheilk. 107(3), 
201-2(1959) Mare 


NOTE BY THE RADIOLOGICAL PROTECTION SERVICE ON THE RADIATION 
HAZARDS ARISING FROM THE CONVEYANCE BY AMBULANCE OF PATIENTS CON- 
TAINING RADIOACTIVE MATERIALS. Monthly Bull. Min. Health, Gt. 
Britain 18, 4-5(1959) Jan. 


RADIOACTIVE SUBSTANCES ADVISORY COMMITTEE: RECOMMENDATIONS OF 
PANEL ON RADIATION HAZARDS DURING DISPOSAL OF RADIOACTIVE CORPSES. 


Wonthly Bull. Min. Health, Gt. Britain 18, 122(1959) July. 


RONTGENDIAGNOSTIK, STRAHLENHEILKUNDE UND STRAHLENSCHUTZ. (Roentgen 
Diagnosis, Radiotherapy and Radiation Protection). F. Ekerte Mihch. 
ned. Wochschr. 100(7), 280-4(1958) Feb. lh. y bedte 


STRAHLENDIAGNOSTIK, STRAHLENHEILKUNDE UND STRAHIENSCHUTZ. (X-Ray 
Diagnosis, i and Radiation Protection). F. Ekert. Mhinch. 
ned. Wochschr. 100 > 1748-51(1958) Nov. 


RADIOLOGIC HEALTH PROGRAM OF THE NORTH CAROLINA STATE BOARD OF 
HEALTH. W. M. Peck. N. Carolina Med. Je 19(5), 17h-7(1958) May. 


RADIATION PROTECTION. E. EH. Smith. New Scientist ly 217-18 
(1958) June 19. Se Shite On 


PUTTING SAFETY INTO GAGING-SOURCE DESIGNS. George B. Foster 
(Industrial Nucleonics Corp., Columbus, Ohio). Nucleoriics 16, 
No. 2, 128, 130(1958) Feb. 


YUGOSIAVIAN CRITICALITY ACCIDENT, OCTOBER 15, 1958. WNucleonics 
17, No. hy 106; 154-6(1959) Apr. 


THE PROBLEM OF RADIOLOGICAL PROTECTION ABROAD AND IN POLAND. 
J. Pensko. Nukleonika 3, )17-27(1958). (In Polish) 


PERSONNEL MONITORING FOR EXTERNAL RADIATION: A NATIONAL SERVICE. 
J. F. B. Dealler, B. E. Jones, and E. E. Smith (Ministry of 
Health and Medical Research Council, Sutton, Surrey, Eng. ). 


Occupational Safety and Health 8, 137-53(1958) July-Sept. 
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IONISIERENDE STRAHLEN UND VORBEUGUNG IHRER SCHADEN IN DEN USA. 
(Ionizing Radiation & Prevention of Their Damage in the United 
States). R. Langmann. Oeff. Gesundhdienst 19(10), 9-52 
(1958) Jan. Ter Alet one Al ST 


A SURVEY OF RADIATION EXPOSURE IN PEDIATRIC PRACTICE. Mitchell R. 
Zavon and Peter J. Valaer (U. S. Public Health Service, Cincinnati). 
Pediatrics 20, 9l1-6(1957) Nov. 


EXPERIMENT OF DOSIMETRY OF X-RAY AND GAMMA-RAY RADIATIONS AND ; 
OF DETERMINATION OF CONCENTRATION OF RADIOACTIVE AEROSOLS IN 
OPERATORS' POSITIONS. Kvetoslav Spurny and Helena Kloudova. 


Pracovni lekarstvi 10, 167-70(1958) (Translated from Referat. 
Zhur. Khim. No. 2, 1959, Abstract No. 5185). 


SAFETY MEASURES IN HANDLING RADIOISOTOPES. V. Slouka (Purkyne 
Military Medical Academy, Hradec Kralove). Pracovni lekarstvi, 
Praha 10, 176-8(1958). (In Czech.) 


THE CONTROL OF RADIATION HAZARDS IN INDUSTRY. A. S. Mclean. 
Practitioner, London 161(1085), 594-7(1958) Novs 


PROGRES ACCOMPLIS ET A ACCOMPLIR DANS IA PROTECTION CONTRE LES 
RADIATIONS IONISANTES. (Progress Accomplished and to be 
Accomplished in Protection Against Ionizing Radiations). J. Boyer 
and Ge Blancher. Presse méd. 67(16), 657-9(1959) Mar. 28. 


DIRECTIVES FIXANT LES NORMES DE BASE RELATIVES A LA PROTECTION 
SANITAIRE DE IA POPULATION ET DES TRAVAILLEURS CONTRE LES DANGERS 
RESULTANT DES RADIATIONS IONISANTES. (Directions Fixing the Relative 
Basic Norms for the Medical Protection of Population and Workers 
Against the Dangers Resulting from Ionizing Radiations). Presse med. 
67(18), 751-4(1959) Apr. 11. Se 


ENVIRONMENTAL SAFETY FOR INDUSTRIAL USES OF RADIONUCLIDES. A. E. 


Gorman. Public Health Repts., (U. S.) 72(12), 1107-12(1957) Dec. 


SAFETY ON THE NUCLEAR SHIP SAVANNAH, R. P. Godwin, P. P. Eddy, and 
R, K. Longaker. Public Health Repts. 7, 669-73(1959) Aug. 


PERSONNEL MONITORING IN DIAGNOSTIC RADIOGRAPHY. B. W. Watson. 
Radiography, London 2)(284), 195-7(1958) Aug. 


A PRIMI RISULTATI SULIA VALUTAZIONE DELIA DOSE ALIEZE GONADI 
RICEVUTA DAI PAZIENTI SOTTOPOSI AD ESAMI DI RADIODIAGNOSTICA. 
(Initial Results on the Determination of Gonadal Doses Received 
by Patients During Radiodiagnostic Examination). C. Biagini, 
a re and A. Montanara. Radiol. med., Tore 45(1), 51-6 
1959) Jane 
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WAXIMUM PERMISSIBLE RADIATION EXPOSURES TO MAN, Radiology 71(2), 
263-6(1958) Aug. 


A LIMITED SURVEY OF RADIATION EXPOSURE FROM DENTAL X-RAY UNITS. 
Robert 0. Gorson, Ronald M. Halvorsen, et al. (Univ. of Pennsyl- 
vania and Dept. of Public Health, Philadelphia). Radiology 72, 
1-13(1959) Jan. 


THE RADIOLOGIST LOOKS AT RADIATION HAZARDS; * Paul C. Hodges. 
Radiology 72, 481-8(1959) Apr. 


A GENETICIST LOOKS AT THE RADIATION HAZARD, William J. Schull 
(Univ. of Michigan, Ann Arbor). Radiology 72, 522-8(1959) Apr. 


PROTECTION IN RADIOTHERAPY. COBALT-60 AND CESIUM-137. Ruheri 
Perez Tamayo (Escuela Mfacional Medicina, Mexico City). Rev. mex. 
radiol. 13, 61-80(1959) Mar-Apr. See ee 


CONTROLLO E MISURE DELLE PROTEZIONI CONTRO LE RADIAZIONI IONIZZANTI, 
(Inspection and Measurement of Protections Against Ioni Radiations). 
E. Zanetti and L. Terra. Rass. med. ind. 2 1 20-7(1958 Jan-Feb. 


PROFILI DI IEGISIAZIONE E DI ORGANIZZAZIONE PER LA DIFESA SANITARIA 
DA RADIAZIONI IONIZZANTI. (Profiles of legislation and Organization 
of Protection Against Ionizing Radiations). G. Del Vecchio. 


Riv. ital. igiene 18(1-2), 1-11(1958) Jan-Feb. 
TRAINING OF DOCTORS IN RADIATION PROTECTION METHDDS BY THE GERMAN 


* 


RED CROSS. Hanns Langendorff (Univ. of Freiburg i. Bre). Rontgen 
Bl. 10, No. 11, 345-50(1957) Nov. (In German) 


WAXIMUM PERMISSIBLE BODY BURDEN OF STRONTIUM-90. R. Bjornerstedt 
(Research Inst. of National Defense, Stockholm) and A. Engstrom 


ee Institutet, Stockholm). Science 129, 327-8(1959) 
Feb. ° 


L'EXPOSITION AUX RAYONS X AU COURS DES DIFFERENTS EXAMENS RADIOLOGIQUE 
DU THORAX; ETUDE DOSIMETRIQUE COMPARATIVE; MESURES PROTIQUES DE 
PROTECTION. (Exposure to X-Rays During Various Radiological 
Examinations of the Thorax; Comparative Dosimetric Study, Practical 
Protective Measures). Me Bariety, L. F. Vidal, C. Coury, and J. Le 


RADIATION EXPOSURE OF PATIENT AND PERSONNEL DURING UROGRAPHIC 
PROCEDURES, H. S. Weens, R. H. Rohrer, and H. D. Youmans, Jr. 
Tr. Southeastern Sect. Am. Urol. Assoc. Vol. 22, 86-92(1958). 


54561 0O—¢0—__79 
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MEDICAL — RADIOLOGICAL PROBLEM OF RADIATION PROTECTION. Hermann 
Holthusen. Strahlentherapie 106, 15-25(1958). (In German) 


SPECIFIC QUESTION OF RADIATION PROTECTION IN RESEARCH INSTITUTIONS 


AND TECHNICAL PLANTS. Robert G. Jaeger. Strahlentherapie 106, 
26=13(1958). 


SPEZIELLE FRAGEN DES STRAHLENSCHUTZES IN FORSCHUNGSINSTITUTEN UND 
TECHNISCHEN BETRIEBEN. (Special Problems of Radiation Protection in 
Research Institutes and Technical Plants). R. G. Jaeger 


Strahlentherapie 106(1), 26-3(1958) May. 


THE FUNCTIONS OF DOCTORS IN ATOMIC PLANTS. Emil Heinz Graul 
(Philipps-Universitat, Marburg aed. Lahn, Germany). Strahlen- 
therapie 106, k)-57(1958). (In German) 


SPEZIELLE FRAGEN DES STRAHLENSCHUTZES DER BEVOIKERUNG. (Special 
Problems of Radiation Protection of the Population). 4. Muth. 


Strahlentherapie 106(1), 58-69(1958) May. 


RADIATION POISONING OF DOCTORS AND NURSING PERSONNEL IN GYNECOLOGI- 
CAL RADIATION THERAPY. Hans-Karl Leetz, Fritz Masch, and Hans Mohr 


(Allgemeinen Krankanhauses, St. Georg., Hamburg). Strahle ntherapie 
106, 70-9(1958). (In German) 


THE MEASUREMENT OF THE GONAD DOSE RECEIVED BY THE PATIENT IN X-RAY 
DIAGNOSIS, (PRELIMINARY REPORT). Hans Mohr (Allgemeinen Kranken- 


hauses St. George, Hamburg). Strahlentherpie 106, 80-4(1958). 
(In German) 


BERICHT UBER EINEN DREIMONATIGEN STUDIENAUFENTHALT DEUTSCHER 
STRAHLENSCHUTZARZTE IN JAPAN. (Report on a Three Month Educational 
Tour of German Radiation Protection Physicians in Japan). 
Strahlentherapie 108(4), 585-93(1959) Apre 


SATEILYSUOJAUSIAKI, (Radiation Protection Law). C. G. Wallgren. 
Suomen laak. lehti 14(3), 108-10(1959) Feb. 1. 


PREVENTION OF THE RADIATION HAZARD IN DIAGNOSTIC UROLOGY. R. Lich, Jr. 
and He. D. Bumsteade Southern Med. Je 52(), 482-3(1959) Apre 


PERMISSIBIE DOSE FROM EXTERNAL SOURCES OF IONIZING RADIATION, M&M, D. 


Taylor, He Me Jones, Je Le Tarr, and N. F. Twining. TB Med. No. 25k, 
1-7(1957) May 6. 


CALCUL DE LA PROTECTION CONTRE LES RAYONS X SUR IA BASE DE IA 
NORME FRANCAISE C 15-160; REALISATIONS PRATIQUES. (Calculation for 
Protection Against X-Rays on the Basis of the French Standard 
C 15-160). G. Mohr. Tech. Hosp., Pare 14(158), 8-56(1958) 


Nove 
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IA PROTECTION CONTRE LES RADIATIONS, (Radiation Protection). 

Y,. Methot, C. Faribault, R. Mathieu, G. Deslauriers, C. Fortier, 
G. Latour, R. Maltais, and S. P.. Rivest. Union méd. Canada 
87(12), 1521-31(1958) Dec. aaa theme Seas 


ON CONDITIONS OF WORK OF THE PERSONNEL OF X-RAY AND RADIOLOGICAL 
ROOMS. V. P. Vikturina, E. E. Troitskaya, T. P. Seletskaya, 
A. Ve Frolova, and I. E. Pasinkova (State Inst. of Scientific 


Research in Roentgenology and Radiology). Vestnik Rentgenol. i 
Radiol. 32, No» 6, 82-7(1957). (In Russian) 
THE RATIONAL USE OF X-RAY IN MEDICINE AND DENTISTRY WITH PARTICULAR 


REGARD TO PROTECTIVE MEASURES. A. B. Soule, Jr., Hs Heilbronn, and 
R. Bannister. X-ray Technician 30(\), 2h-59(1959) Jan. 


PROTECTIVE MEASURES FOR THOSE THAT WORK WITH RADIOACTIVE SUBSTANCES. 
S. S. Gurvits. Zavodskaya Lab. 2h, 1421,(1958). 


STRAHLENSCHUTZ BEI DER DERMATOLOGISCHEN RONTGENDIAGNOSTIK. 
(Radiation Protection in Dermatological X-Ray osis). G. Lemke. 
Z. Haut- u. Geschlechtskrankh. 25(5), 135-40(1958) Sept. 1. 


BESCHERMING TOGEN IONISERENDE STRALING. (Protection Against 


Ioizing Radiations). L. H. Van Stekelenburg. Ziekenhuiswezen 
31(12), 383-8(1958) Dec. ; Tbs ee gene 


IA BASE EXPERIMENTALE ET LA SIGNIFICATION DE IA DOSE DE RAYONNEMENT 
MAXIMUM ADMISSIBIE. .(Experimental Bases and Significance of Maxi- 

mum Admissible Dose of Radiation). Ges Joyet. Z. med. Isotopenforsch. 
1(2), 135-60(1957) Nove 


Books and Miscellaneous 


ACTIVITIES OF TEXAS AGENCIES IN REGULATING DISPOSAL OF RADIO- 

ACTIVE WASTE. Henry A. Holle (Texas State Dept. of Health, Austin). 
wot of "Hearings on Industrial Radioactive Waste Disposal. 
Olume )." 


ACTIVITIES OF THE UNITED STATES GEOLOGICAL SURVEY IN PROBLEMS OF 
RADIOACTIVE-WASTE-DISPOSAL. R. L. Nace (U. S.- Geological Survey, 
Washington, D. C.). p.2580-265 of “Hearings on Industrial Radio- 
active Waste Disposal. Volume )." 


ATOMIC MEDICINE. Third Edition. Charles F. Behrens, ed. Baltimore, 
The Williams & Wilkins Company, 1959. 7713p. 
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BIBLIOGRAPHY OF SELECTED HANFORD LITERATURE ON RADIOACTIVE WASTE 
DISPOSAL. p.339~70 of “Hearings on Industrial Radioactive Waste 
Disposal. Volume 1." 


CODE OF PRACTICE FOR THE PROTECTION OF PERSONS EXPOSED TO 
IONIZING RADIATIONS. PART As: USE OF X-RAYS FOR DIAGNOSIS; USE 
OF X-RAYS AND )-RAY BEAM UNITS FOR THERAPY, PART B: USE OF 
RADIOACTIVE ISOTOPES. SUPPLEMENT: PROTECTION AGAINST IONIZING 
RADIATIONS — FUNDAMENTAL DATA. London, Her Majesty's Stationary 
Office, 1957. 86p. 


DEUTSCHE ATOMKOMMISSION. FACHKOMMISSION IV (STRAHLENSCHUTZ) 
REFERATENSAMMLUNG, (German Atomic Commission. Commission on 
Radiation Protection Data. Abstract Collection). Noe 5 of 
"Schriftenreihe des Bundesministers fur Atomkernenergie und 
Wasserwirtschaft. Strahlenschutze" Brunswick, Ger., Gersbach 
& Sohn Verlag GmbH., 1958. 130p. DM h. 


THE DISPOSAL OF RADIOACTIVE WASTES. LeRoy W. Van Kleeck. 
pe2781-3 of “Hearings on Industrial Radicactive Waste Disposal. 
Volume he" 


DOSIMETRIE UND STRAHLENSCHUTZ. PHYSIKALISCHE UND TECHNISCHE 
DATEN. (Dosimetry and Radiation Protection. Physical and 
Technical Data). R. G. Jaeger. Stuttgart, Georg Thieme 
Verlag, 1959. 290p. 


DRITTE ARBEITSTAGUNG DER DRK-STRAHLENSCHUTZARZTE. (Third 

Working Conference of DRK Radiologists). Noe 9 of "Schriftenreihe 
des Bundesministers fur Atomkernegie und Wasserwirtschaft." 

Spr piannetates Brunswick, Gersbach and Sohn GmbH, 1959. 8lp. 
DM h. 


EMPLOYEE RADIATION HAZARDS AND WORKMEN'S COMPENSATION. HEARINGS 
BEFORE THE SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT OF THE JOINT 
COMMITTEE ON ATOMIC ENERGY, CONGRESS OF THE UNITED STATES, 
EIGHTY~SIXTH CONGRESS, FIRST SESSION ON EMPLOYEE RADIATION 
HAZARDS AND WORKMEN'S COMPENSATIONS, MARCH 10, 11, 12, 17, 18, 
AND 19, 1959. Washington, D. Ce, Joint Committee on Atomic 
Energy, 1959. 86lp. 


GENETIC EFFECTS IN CHILDREN AND GRANDCHILDREN OF WOMEN TREATED 
FOR INFERTILITY AND STERILITY BY ROENTGEN THERAPY, Ira I. Kaplan. 
Radiology 72, 518-21(1959) Apr. 


GENERAL HANDBOOK FOR RADIATION MONITORING. Jerome E. Dummer, Jre 


Washington, D. C., U. S. Atomic Energy Commission, 1958. 185p. 
$0.60(GPO). 
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INTERNAL DOSE FROM SHORT-LIVED RADIONUCLIDES, Karl Z. 

Morgan (Oak Ridge National Lab., Tenne). ppell9-60 in "The 
Shorter-Term Biological Hazards of a Fallout Field." Gordon M. 
Dunning and John A. Hilcken, eds. Washington, Atomic Energy 
Commission - Department of Defense, 1958. 236p. Available from 
U. Se Government Printing Office for $1.75. 


LEITFADEN DES STRAHLENSCHUTZES FUR NATURWISSENSCHAFTER, TECHNIKER 
UND MEDIZINER. (Manual for Radiation Protection for Scientists, 
Technicians, and Doctors). Hans R. Beck, Hans Dresel, and 
Yens=Joachim Melching. Stuttgart, Georg Thieme Verlag, 1959. 


263pe. 


LEITFADEN FUR RADIOAKTIVITAT UND STRAHLENSCHUTZ. (Manual for 
Radioactivity and Radiation Protection). Nicolai Grigor'evich 
Gusev. Translation of "Spravochnik po Radioaktivnym Izlucheniyam 
4 Zashchite." Berlin, VEB Verlag Technik, 1957. 


LIVING WITH RADIATION. I. FUNDAMENTALS, THE PROBIEMS OF THE 
NUCLEAR AGE FOR THE LAYMAN, Francis L. Brannigan. Washington, 
D. Ce, U. S- Atomic Energy Commission, 1959. 69p. $0.1,5(GPO). 


MAXIMUM PERMISSIBLE BODY BURDENS AND MAXIMUM PERMISSIBLE CONCENTRA- 
TIONS OF RADIONUCLIDES IN AIR AND IN WATER FOR OCCUPATIONAL 
EXPOSURE. National Bureau of Standards Handbook 69. ton 

D. C., National Bureau of Standards, 1959. 102p. $0.35(GPO). 


PENNSYLVANIA'S ROLE IN REGULATING THE DISPOSAL OF RADIOACTIVE 
WASTES, Karl M. Mason (Pennsylvania Dept. of Health). p.279h- 
281, of "Hearings on Industrial Radioactive Waste Disposal. 
Volume he" 


PLUTONIUM HANDLING HAZARDS. T. S. Chapman (Dow Chemical Co., 
Denver). p.28)-91 in “Proceedings of the Seventh Hot Laboratories 
and Equipment Conference." 


* 
PROCEEDINGS OF THE SECOND UNITED NATIONS INTERNATIONAL CONFERENCE 
ON THE PEACEFUL USES OF ATOMIC ENERGY, HELD IN GENEVA, 1 SEPTEM- 
BER - 13 SEPTEMBER 1958. VOLUME 21. HEALTH AND SAFETY: 
a Y AND STANDARDS, Geneva, United Nations, 1958. 255p. 
e 0. 


PROCEEDINGS OF THE SECOND UNITED NATIONS INTERNATIONAL CONFERENCE 
ON THE PEACEFUL USES OF ATOMIC ENERGY, HELD IN GENEVA, 1 SEPTEMBER 
- 13 SEPTEMBER 1958. VOLUME 23. EXPERIENCE IN RADIOLOGICAL 
PROTECTION. Geneva, United Nations, 1958. ,6lp. $1),.50. 


PROGRESS IN NUCLEAR ENERGY: HEALTH PHYSICS. wW. G. Marley and K. Z. 
Morgan, eds. Edited Proceedings of the Second International 
Conference on the Peaceful Uses of Atomic Energy, Geneva, 1958. 
Pergamon Press, New York, 1959. 6llp. $15.00. 
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PROTECTION AGAINST NEUTRON RADIATION UP TO 30 MILLION ELECTRON 


VOLTS. Washington, National Bureau of Standards, 1957. 92p. 
$0.1,0(GPO). 


THE PROTECTION OF THE CIVIL POPUIATION, Marcello Quintiliani (Istituto 
Superiore di Sanita, Rome). pp.195-218 in "Atti del Congresso 
Scientifico. Volume I. Sezione Nucleare, Giugno 1957." (In Italian) 


PROTECTION IN DIAGNOSTIC RADIOLOGY. B. P. Sonnenblick, ed. New 
Brunswick, N. J», Rutgers University Press, 1959. 37lipe 


PUBLIC EXPOSURE TO IONIZING RADIATIONS. What Public Health 
Personnel Need to Know. New York, American Public Health 
Association, Ince, 1958. 60p. 


RADIATION HAZARDS AND PROTECTION, D. E. Barnes and Denis 
Taylor. London, George Newnes Limited, 1958. 1865p. 


RADIATION AND MAN: BASIC DATA - GLOBAL RADIATION LIMITS. 

Jack Schubert and Ralph BE. Lapp (Argonne National Lab., Lemont, 
Tll.). p.3038-3 of "Hearings on Industrial Radicactive Waste 
Disposal. Volume );.® 


RADIATION PROTECTION. Carl B. Braestrup and Harold 0. Wyckoff. 
Springfield, Tle, Charles C. Thomas, 1958. 3Tlp. 


RADIATION PROTECTION. RECOMMENDATIONS OF THE INTERNATIONAL 
COMMISSION ON RADIOLOGICAL PROTECTION. Wew York, Pergamon Press, 
1959. 23p. 


RADIOACTIVE WASTE MANAGEMENT AT THE KNOLLS ATOMIC POWER LABORATORY. 
pe768-811 of "Hearings on Industrial Radioactive Waste Disposal. 
Volume 1." 


RADIOACTIVE WASTE MANAGEMENT OPERATIONS AT THE HANFORD WORKS. PART 1. 
HANFORD RADIOACTIVE WASTE MANAGEMENT, H. M. Parker (General Electric 
Coe, Richland, Washes). p.199-2h1 of "Hearings on Industrial Radio- 
active Waste Disposal. Volume 1." 


RADIOLOGICAL HAZARDS TO PATIENTS. Interim Report of the Committee. 
London, Her Majesty's Stationery Office, 1959. 22p. §0.17. 


RADIOLOGICAL SAFETY PROBLEMS ASSOCIATED WITH ALPHA EMITTERS. 
Dean D. Meyer (Los Alamos Scientific Lab., N. Mexe). pe276-83 


in "Proceedings of the Seventh Hot Laboratories and Equipment 
Conference .™ 


REPORT OF THE INTERNATIONAL COMMISSION ON RADIOLOGICAL UNITS 
AND MEASUREMENTS (ICRU), 1956. National Bureau of Standards 
Handbook 62. Washington, National Bureau of Standards, 1957. 
Slp.e $0.,0(GPO). 
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(SUPPLEMENT) 


(The following statement was received too late for inclusion in 
chapter 1.) 


SOCIAL ASPECTS OF THE PROBLEM OF RADIATION 
PROTECTION CRITERIA AND STANDARDS 


(By Dr. Barry Commoner, professor of plant physiology, Washington 
University, St. Louis, Mo.) 


1, RELATION OF THE PUBLIC TO THE ESTABLISHMENT OF RADIATION 
STANDARDS 


The role of the public in the establishment of radiation standards 
becomes evident from a consideration of present thinking regarding 
the concept of the maximum permissible dose. The most recent 
discussions of this problem, for example, by the ICRP and by the 
recent ad hoc committee of the NCRP, have concluded that in 
establishing permissible doses, one must assume that no threshold 
exists in the relationship between dose and effect. If it is assumed 
that all levels of exposure entail some risk, however small, a per- 
missible dose can be established only by striking a balance between 
the anticipated risk associated with a given level of radiation exposure, 
and the expected benefits to be derived from the process rae 
rise to the radiation. 

In a paper on the fallout problem published in 1958 (Science, 127, 
1023) I suggested that this evaluation is not a scientific matter at all 
but is rather a social or moral question. A similar view was expressed 
by a number of witnesses at the Joint Committee on Atomic Energy 
hearings on fallout in 1959. This conclusion is based on the fact 
that the benefits to be derived from the use of radiation (with the ex- 
ception of medical treatment of an individual patient) are social, 
economic, and political in character, and evaluations which take 
them into account must necessarily fall into the realm of social deci- 
sions. There is no way to determine on purely scientific grounds 
whether, let us say, the social importance of a powerplant is sufficient 
to counterbalance the inevitable increase in environmental radio- 
activity which results from the operation of the plant. 

Once it is recognized that the establishment of radiation standards 
requires a social evaluation, the importance of public participation 
in the precess becomes self-evident. In the most general sense this 
approach derives from our traditional goal of solving social problems 
by democratic means, in which due regard is given to the public 
preference. This does not mean, of course, that radiation standards 
are to be decided by popular vote. We have developed social agencies, 
largely within government, which handle such issues in a more orderly 
wen and yet reflect the general social opinion on the matter. 

0 illustrate this point we may cite the current practice with respect 


to large-scale public health measures, such as’ the establishment of 
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safety standards in connection with the use of vaccines. In this 
matter regulation is in the hands of Government agencies, which aet 
in the public interest. In establishing such regulations the hazard 
which is always involved in the widespread use of a drug or a vaccine 
is balanced against the expected public benefits. 

Although such regulations are written without anything remotely 
resembling a public vote, they inevitably reflect public willingness to 
accept a certain balance between hazard and benefit. This is evident 
from the social history of vaccination. Although vaccination against 
smallpox was discovered at the end of. the 18th century it was not 
until 50 years later it became legally established in most countries, 
What prevented the earlier application of this discovery was the 
failure of the public to appreciate the enormous benefits to be gained 
at the risk of the very slight hazards involved in vaccination. In 
these matters, public understanding has had a decisive effect on the 
social application of scientific knowledge. 

In this view, public opinion Parte firde the relative weight to be 
accorded the benefits and risks attached to a particular application 
of radiation must inevitably be reflected in the balance which is 
struck in the establishment of a particular standard of radiation 
exposure. 

Public knowledge also has an important influence on the operational 
effectiveness of radiation standards. In most cases, of course, the 
standards are put in practice by the agencies, such as powerplants, 
which produce radiation, and it might be supposed that,one need not 
be concerned with the general publie’s familiarity with the problem. 
However, as will be seen from the comments which follow, the matter 
is not quite so simple, and in many instances the practical effects of 
radiation standards will depend on the degree to which they are 
understood and accepted by the public at large. 

Consider for example the situation on the Columbia River which 
receives a certain amount of radioactive material produced by the 
operation of the Hanford works. The reactor effluent, which is dis- 
charged into the Columbia River, contains several dozen different 
radioactive isotopes most of which decay very quickly and disappear 
as the water moves downstream. When the water reaches the down- 
stream towns of Pasco and Kennewick, which use river water (after 
purification) for drinking purposes, some radioactivity remains but 
the levels do not exceed the maximum permissible limits. For ex 
ample, the river water in 1957 was at 1 to 14 percent of the permissible 
limits for drinking water for bone exposure, 1 to 5 percent of the limit 
for thyroid exposure and 5 to 44 percent of the limit for exposure of 
the gastrointestinal tract (see Healy et al. in ‘‘Peaceful Uses of Atomie 
Energy,” 2d U.N. International Conference on the Peaceful Uses of 
Atomic Energy, vol. 18, p. 309). Passage of the river water through 
the water treatment plants further reduces these levels by a factor of 
2 or 3, so that in general, the levels of radioactivity in the water used 
for drinking purposes in these cities appears to be within the limits 
now regarded as permissible. 

On the other hand, animals which live in the Columbia River tend 
to concentrate certain of the isotopes present in the river water, most 
important of which is phosphorus 32. Although the river water con 
tains about one-tenth micromicrocurie of phosphorus 32 per gram, the 
flesh of whitefish and duck living in the area contain phosphorus 32 
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concentrations 10,000 to 100,000 times higher. A report from Han- 
ford biologists (HW48523) published in February 1957 shows that at 
certain times of the year a person eating about 2.7 pounds of whitefish 
or duck flesh per week would receive the maximum permissible dose of 
phosphorus 32 established for populations in the neighborhood of 
nuclear establishments. 

Suppose now, that it is decided, in view of the phosphorus 32 levels 
of whitefish and duck to restrict the taking of game in the Hanford 
area (the authors of the Hanford report HW48523 suggest that a 
threefold increase in the phosphorus 32 levels of whitefish might re- 
quire that certain waters be closed to fishing). If such a regulation 
were imposed without any further explanation, the public might ques- 
tion the safety of Columbia River water as a source of drinking water 
for the towns downstream from Hanford, although as already indicated 
river water may be below permissible limits for drinking water while 
animals living in it accumulate radioactivity levels which approach 
the permissible limits for food. Naturally such a public reaction would 
have a serious effect on the economy of the area. 

Thus in the absence of a public explanation of the intricate relation- 
ships between the radioactivity of river water, and of animals living 
init, any effort to apply protective regulations to the relatively limited 
problem of fishing and hunting near the Hanford works might lead to 
harmful confusion regarding the safety of drinking water used by many 
thousands of people. 

The Columbia River situation also provides another illustration of 
the importance of public knowledge in radiation protection. As 
already indicated, there is an incipient problem associated with the 
accumulation of phosphorus 32 in the flesh of game animals in the 
Columbia Kiver area. Apart from any matter of regulation, public 
knowledge of this situation can have an important affect on reducing 
exposure to radiation—which is after all the ultimate purpose of any 
protective standard. The half-life of phosphorus 32 is so short that 
the storage of fish or duck in a freezer for a month or two would very 
materially reduce the exposure resulting from eating them. Even if 
a fisherman were anxious to eat his fish fresh, a knowledge of the facts 
ean be very helpful. Hanford researchers (see HW48523) have shown 
that when whitefish is fried a good deal of the phosphorus 32 leaves 
the flesh and enters the skin. Knowing this, the fisherman can protect 
himself against phosphorus 32 simply by refraining from eating the 
whitefish skin. 

These are, of course, small instances of the interaction between 
public knowledge, and social decisions regarding radiation standards. 
As the nuclear age develops these instances will become more numerous 
and it seems clear that we must begin now to educate the general 
public so that nuclear development can go forward safely and with a 
minimum of confusion. 


2. THE IMPORTANCE OF PUBLIC COOPERATION IN RESEARCH RELATED 
TO RADIATION STANDARDS 


In certain special instances public cooperation becomes an im- 
portant ingredient in the successful development of the new scientific 
nowledge required to establish the risks involved in exposure to 
radiation. An interesting example is the experience of the baby 
tooth survey in St. Louis. 
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The problem of assessing the uptake of strontium 90 by children js 
complicated by the difficulties encountered in accumulating sufficient 
numbers of bones for analysis. Accordingly, in 1958 a distingui 
biochemist at Johns Hopkins University, Dr. Herman M. Kalckar, 
suggested (Nature, vol. 182, p. 283) the establishment of a world 
census of the strontium 90 content of the deciduous teeth shed 
young children. Scientists in St. Louis became interested, and op 
examining the problem discovered very quickly that this scientific 
project would be wholly dependent on a massive social operation; 
the collection of teeth. Because the mineral content of teeth is go 
small and because different teeth vary with respect to their time of 
development, it was found that approximately 50,000 teeth per year 
would need to be collected in order to obtain statistically significant 
data regarding strontium 90 uptake. 

Fortunately citizens in St. Louis took an immediate interest in the 
project and the job of collecting these teeth was undertaken by the 
Greater St. Louis Citizens’ Committee for Nuclear Information. §o 
far, the program has a remarkable success and teeth are now coming 
in to the CNI office, together with the necessary data sheets, at the 
rate of about 1,000 per week. 

To carry out this project CNI has had to enlist the cooperation of. 
every school, library, and dentist in the community, not to speak of 
the parents and children themselves. About 500,000 data forms have 
been distributed, and CNI volunteers have been needed to fill numer- 
ous jobs ranging from giving TV talks to classifying and sorting the 
teeth. Without community cooperation and public understanding of 
the importance of the problem, this important scientific project— 
which is the first of its kind in the world—could not be carried out, 

With the tooth collection assured, the U.S. Public Health Service 
has recently awarded a grant of $197,454 to the Washington Uni- 
versity School of Dentistry to set up a laboratory for the purpose ol 
analyzing the teeth. This is an isolated, but probably prophetic, 
example of how the development of science iteelt in our nuclear age 
depends on the cooperation and understanding of the public. 


3. AN EVALUATION OF THE PRESENT SITUATION WITH RESPECT TO 
PUBLIC KNOWLEDGE RELEVANT TO RADIATION STANDARDS 


From the foregoing comments it is evident that the successful 
development of a system of radiation standards depends on adequate 
public understanding of many complex problems. In recent years 
scientists have been called upon to help educate the public.in these 
matters and some of us have learned at first hand the level of under- 
standing which the public has achieved on this problem. oh 

Recently a conference on the education of the public on radiation 
problems was held in New York City under the sponsorship of the 
American Association for the Advancement of Science and two groups 
already active in the field, the Greater St, Louis Citizens’ Committee 
for Nuclear Information and the New York Scientists’ Committee on 
Radiation Information. The meeting was attended by scientists from 
21 communities and what follows summarizes their common experienc? 
in public education on radiation matters. 

Despite the complexities of radiation problems, it is the commol 
experience of scientists in many parts of the country that the 
public is eager to learn what radiation is and how it may affect them, 
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The intense public interest in radiation is not too surprising when one 
considers the nature of the hazards involved in undue exposure to 
radiation. ‘These hazards relate to problems—such as birth defects, 
cancer, and the feeding of children-——which happen to contain strong 
emotional components, and the motivation to understand them is cor- 
respondingly intense. Any scientist who is willing to do so finds him- 
self in constant demand as a speaker to PTA meetings, civic group 
and television audiences about the nature and effects of radiation, the 
fallout problem, X-rays and similar questions. 

Scientists also find that in many instances the public is not ade- 
quately informed tq understand recent developments in the radiation 
problem. For example, when U.S. Public Health Service analyses 
showed that the strontium 90 content of milk in the St. Louis area 
was relatively high (the 12-month average for July 1958 to July 1959 
was 19.9 strontium units, compared with the MPC of 33 units), there 
was ample evidence of public concern coupled with an inadequate 
understanding of the situation. 

Inquiry among local dairies and pediatricians showed that some 
mothers decided to cut down on the amount of milk that they gave 
their children, in the hope of avoiding strontium 90 in that way. This 
is, of course, a wholly ineffective procedure since what matters is not 
the total amount of strontium 90 ingested but the ratio between 
strontium 90 and calcium in the total food intake. In St. Louis, 
scientists and physicians concerned with this matter found it necessary 
to explain this fact to the public and to reeducate mothers on the gen- 
eral importance of calcium and the necessity of milk in a child’s diet. 

This experience illustrates an important fact: that without effective 

public education on the complex problems related to radiation expo- 
sure, some people may react in an uninformed and impulsive manner 
and take steps which can do more harm than the radiation hazard that 
they seek to avoid. Again it is evident that if we are to learn to live 
in the nuclear age we musi greatly improve the general level of under- 
standing of radiation and related matters. 
_ Throughout the country scientists have begun to take an active 
interest in this problem, and have begun to undertake the important 
job of providing public education on nuclear problems. The groups 
already referred to have been active in providing public speakers on 
radiation for civie groups, and in the publication of printed matter 
directed toward the public at large. 

In all cases the response of the public has been most gratifying. 
The St. Louis Committee for Nuclear Information has published a 
description of the consequences of nuclear war based on the technical 
details presented at the 1959 hearings on this subject before the Joint 
Committee on Atomic Energy, but written in understandable language. 
Thus far the committee has filled requests for 40,000 copies of this 
report and has received congratulatory letters from government 
agencies, church and civic groups and many individuals. 


3. THE NEED FOR AN IMPROVED PUBLIC EDUCATION PROGRAM 


It has already been pointed out that public education on nuclear 
problems is essential for the proper development of radiation stand- 
ards and for their effective operation, that the public is aware of its 
need for this information, and that the scientific community is pre- 
pared to help fill this need. However, despite these favorable cir- 
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cumstances, and the importance of the problem public education gf 
lags behind the need for it. It is of interest to examine the 
for this discrepancy and what might be done to correct it. 

To enable the scientific community to serve as the means fory 
education on nuclear problems requires that scientists be given a6 
to the pertinent scientific data. Scientists are reluctant to go bef 
an audience without having first studied the relevant facts and work 
out their own analysis and understanding of the:s. This means 
a scientist who embarks on the task of educating the publie on 
effects of radiation must first have at hand data relating to the nat 
of the radiation to which the public is exposed, thy radiation level 
the environment, and evidence regarding the expected effects of th 
radiation. i 

While much of this information exists, very little of it is in af 
which makes it accessible to most scientists. For example, rad 
levels in the environment have been the subject of considerable st 
by the AEC, Public Health Service and other laboratories. Yet 
tively few of the reports published by these laboratories find tl e 
way into the regular scientific journals that the scientist reads. | 
stead, much of the data are found only in special reports which 
not have a wide circulation and are not readily available tot 
scientists. : 

Those of us who have been interested in educating the public ht 
found it necessary to spend a considerable amount of time stu 
the original reports, in order to keep up with the progress of the fi 
Because of the limited access that most scientists have to the Bi 
ports, the scientists that participated in the recent New York @ 
ference have decided to set up a special abstract service which ¥ 
collect and circulate among scientists the data relevant to the radiatio 
problem. That it should be necessary to set up such a@ service 
evidence that the available information is not yet reaching the pra 
ticing scientist in an accessible form. ty s 

Another deficiency which needs to be remedied is that despit 
considerably increased effort in this direction there still rem a 
portant gaps in our knowledge about radiation exposure partie 
in matters relevant to public interest in the question. For exe 
despite active programs on the part of the AEC and Public Hea 
Service laboratories our information regarding the strontium 90% 
of the entire diet, and its seasonal and geographic variations, 
inadequate. Investigations of the effects of variations of 1 
background radiation on the incidence of birth defects, while of et 
interest with respect to public education, are still in their é 
stages. There is still a great need for improving research on | 
problems, not only for the sake of the knowledge itself but in order 
provide the scientific community with the information that it 
have if it is to serve as a vehicle for educating the public about 
tion problems. 

If these deficiencies are rectified, the scientific community ¥ 
ina good position to develop a program of public edvantian 0 
nature and effects of radiation, which is an essential prerequisite tof 
proper establishment and effective operation of radiation standa 
and criteria of protection. im 
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